


Kolejio 


APPLICATION 
HANDBOOK 


PRODUCT 


FEATURES & 
APPLICATION 


INSIGHTS 


Design Engineer's Guide 














пе peria 





Logic Application Handbook 
Product Features and Application Insights 


Design Engineer's Guide 





Logic Application Handbook 
Product Features and Application Insights 
Design Engineer's Guide 


Copyright O Nexperia UK (Ltd) 
January 2021 


www.nexperia.com 
ISBN 978-0-9934854-6-6 


All rights reserved. 

No part of this publication may be reproduced or 
distributed in any form or by any means without 
the prior written permission of the author. 


Contributors 


Christian Backhaus 
Burkhard Laue 

Michael Lyons 

Thomas Wolf 

Ashish Jha 

Ghislaine Jilisen Janssen 
Sven Walczyk 

Vikram Singh Parihar 
Robby Ferdinandus 
Roland Peters 


Olaf Vogt 


Introduction 





Logic basics, Generic Logic product properties 





Power considerations for CMOS and BiCMOS logic devices 





Timing aspects of discrete devices 





Interfacing aspects of logic devices 





Analog and Logic Product Segmentation 





Packages 





Automotive Quality 





Logic Families 





FAQ 





Appendix 


Abbreviations 


Index 


Legal information 


















Logic Application Handbook 





Preface 


Nexperia is a leading expert in diodes, bipolar transistors, ESD protection devices, 
MOSFETs, GaN FETs and analog & logic ICs. 


With an absolute focus on efficiency, Nexperia consistently produces 

the essential semiconductors required by every electronic design in the world: 
more than 90 billion annually. Products that are benchmarks in efficiency — 

in process, size, power and performance — with industry-leading small packages 
that save valuable energy and space. 


Our extensive portfolio of standard functions meets both the demands of today's 
state-of-the art applications and the stringent standards set by the Automotive 
Industry. Through our continued efforts in innovation, reliability and support, 

we maintain the leading position in all our key product segments: Diodes and 
Transistors, ESD protection, MOSFETs, and Analog and Logic ICs. We develop and 
deliver benchmark solutions for today’s and tomorrow's market requirements, 
drawing оп a heritage of over 60 years’ expertise in Semiconductors as the former 
Standard Products divisions of NXP and Philips. 


Our successful record in innovation is the result of varied yet streamlined R&D. 
We combine the latest technologies with efficient processes, helping us to serve 
the world’s most demanding industries with world-class products. 


Nexperia Design Engineer's Guides: 

Our program of Design Engineer’s Guides has one key goal: We want to share our 
Expertise with you and help you to optimize your electronic designs. It is a 
collection of technical and application insights "from Engineer to Engineer". 


The first Nexperia Design Engineers Guide, released in 2017, is our MOSFET 
Application Handbook. In this handbook, our engineers focus on how to use 
MOSFETs in specific applications and what the key and critical MOSFET parameters 
are, considering aspects like thermal conditions etc. 


The Second Technical Guide of this series was launched in 2018: Our ESD Application 
Handbook. This ESD Application Handbook is focusing on Protection Concepts, 
Testing and Simulation For Modern Interfaces. We got so far a lot of positive 
Feedback by our Engineering Community from Customers representing all 
Industries word wide. In addition to this ESD Application Handbook, Nexperia is also 
offering on-site Technical ESD Seminars to share our insights with our customers, 
cross all relevant applications like Automotive, Mobile Communication, Consumer, 
Computing and Industrial. At the end we want to help minimize the risk of ESD 
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damage — supporting the design community in protecting applications and 
products against ESD issues. Both Design Engineer's Guides are also available in 
Chinese Version. 


Introducing the Logic Application Handbook 

“Why a Logic Handbook?" You may ask. Well, even though logic may have been 
around since the days when engineers still used slide rules, today logic is still an 
essential part of many embedded designs. 


Of course, it is the go-to resource for I/O expansion and interfacing between 
analog and digital domains, but in many ways, today’s designers need logic more 
than ever. Why? Because today’s systems need to be smaller, more power efficient, 
and more portable than ever before. That means managing tight layouts, and 
dealing with looped traces, which can generate cross-talk and create signal- 
integrity issues. It also means working with multi-layer boards, implementing 
real-time responses to real-world events, and supporting multitasking operations. 
In many cases, the right logic device makes these things easier to manage, and 
helps optimize operation. 


In Fact, while Logic is great For making these kind of minor modifications and 
fine-tuning performance in the later design stages, that's not all it can do! Today's 
logic devices let developers add Features and improve Functionality, so they can 
meet their design requirements right from the start, even before they need to 
think about last-minute revisions. 


“ In systems that use application-specific integrated circuits (ASICs), 
logic gates can be used to provide control or "glue" functions. Modern 
logic Families include features, such as overvoltage tolerance, that enable 
them to be used as glue logic between ASICs that use different supply 
voltages. In some cases, this can extend the lifetime of legacy ASICs. 


In systems that use a microcontroller (MCU), logic products are used for 
low-cost I/O expansion. Shift registers are used for digital /О expansion, 
and analog switches are used to multiplex analog sensor inputs. The 
combination of the two enables the selection of lower-pin count MCUs 
with Fewer analog-to-digital converters. When used this way, standard 
logic enables true cost optimization of an application. 


In tablets and laptops, logic can be used for battery charging and 
discharging blocks, and to provide standby mode, power-down, and 
start-up control sequences. In docking stations and systems that support 
multiple displays, logic provides the bus switches, resets, and audio blocks 
that reduce the impact of noisy signals, and can be used to buffer the 
clock and data signals. 
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• |n mobile devices such as smartphones, tablets, and cameras, 
logic provides multiplexing, buffering, and level-translation Functions 
For the baseband, RF interfaces, memory, and other peripherals. 


• |n external speakers and other high-end audio equipment logic buffers 
are used to buffer the clock, sync, and data signals sent to the audio 
interface and docking station. 


Over the last 60 years, Nexperia — starting as Philips Semiconductors and then 
incorporating the experience of Signetics — has supported growing global demand 
For logic. Today, as the No. 1 volume logic supplier in the world, Nexperia offers a 
broad variety of industry-leading solutions proudly serving customers across a 
variety of market segments. Our reputation as a trusted supplier of exceptionally 
high quality is reinforced by our No. 1 position in the automotive industry. 


We proudly invite you to study our 3rd Nexperia Design Engineer's Guide, our 
Logic Application Handbook. The Table of Content makes it easy for you to navigate 
to the key chapters of interest. This book is another key milestone to build the 
Technical Nexperia Encyclopedia. 


Olaf Vogt Robby Ferdinandus 
Director Application Marketing, Global Head of Marketing, 
Nexperia Nexperia 
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Nexperia logic history begins with some of the very first integrated logic devices in 
the 1970's with the acquisition of Signetics. Nexperia technology is built upon 
decades of logic development and research over the years from Signetics, Philips, 
NXP and Nexperia. 


Nexperia's logic portfolio is already very extended and will grow Further. A general 
document for supporting the application of discrete logic devices, covering all 
important aspects of applications design, is very useful For engineers and helps to 
establish a common understanding for both Nexperia and the customers. 


This handbook is dedicated to application and design engineers who are developing 
and using electronic circuits, often within embedded systems for all kind of 
applications. The demand for discrete logic devices is widespread. Many aspects of 
system and board design have to be addressed and the usage of logic devices is 
very often generating questions and support requirements which cannot be met 
just by data sheets. In order to provide a compact and handy document, condensed 
From application notes, customer support experience and general logic knowledge, 
this book is meant to support development engineers who are dealing with logic 
devices. 


Digital systems are running at faster speeds, operating at lower voltages, and they 
are becoming more integrated. Many Functions can be integrated into FPGAs or 
ASICs/SOCs, however, this does not mean that generic standard logic will disappear. 
Designers may choose to design with standard logic for the Following reasons: 


The addition of Features in next generation products with lower power 
consumption 

Space constraints requiring small packaging 

Bus driving capability 

Interfacing between mixed voltage systems and voltage level translation 
Need for hot insertion capability 

Need for bus switching. 

Need for ИО expansion of embedded systems 


To create a content suitable for application engineers using Nexperia's logic 
devices, we are trying to take the designers point of view. 


Each chapter of the book is addressing aspects of designing with logic devices and 
the systems they are used in. We start with basics of logic theory and circuit 
elements: logic equations, binary code and basic logic Functions are introduced as 
well as circuit design aspects like CMOS gate implementations. The explanation of 
data sheet items is addressed and the associated properties of logic process 
Families. 
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Another aspect is the power consumption of logic devices in embedded circuits, 
here we provide the calculation methods and explain the dependencies on process 
technology and topology. 


As well as power, timing behavior needs to be calculated and must be understood 
For a circuit design. In the timing chapter, we deliver inFormation and explanations 
For this. 


Many behavioral aspects of logic devices need to be addressed when using them 
interfacing other devices. These effects are explained in the chapter Interfacing 
Aspects. 


Background information about package types, soldering and Footprints аге 
provided in an extra chapter Package. For further system integration items like 
Simulation of PCB design we have created an extra chapter to enable users to 
successfully integrate Nexperia's logic devices into their embedded systems and 
verify the system before production. 


The logic process families and their specific properties are addressed in another 
chapter with information about I/O characteristics and all technology specific 
inFormation useful for selecting the suitable process family for a dedicated 
Function. 


Finally, Frequently asked questions from customers are compiled in a chapter to 
address the most popular support issues. 
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Chapter 2 


Logic basics, 
Generic Logic product 
properties 
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Digital electronic data processing uses binary numbers. Only two states exist, zero 
and one. These states are also referred to as true and false. In electronics input 
voltage ranges are defined to represent a logic low (zero) and a logic high (one). 
Logic products can have inputs that are described as active high or active low. An 
input where 1 = true is said to бе an active high input whereas an input where 
0-true is said to be an active low input. 


Binary code 


The binary numeral system is a positional numeral system with a base or radix of 2. 
The single digits in a binary system are represented by 2^ with n > 0 — 29, 21, 24, 23, 
2^ ..., in decimalz 1, 2, 4, 8, 16... 


Below an example how a decimal number is converted to a binary number: 


1317(10) = 
1 *210 + 0 * 29 +. 1 * 28+ 0 * 27 + 0 * 26+ 1 * 25 + 
0%24--0%23--1%22--0%21--1%20 


131710) = 101001001010; 


Each digit of a binary number is referred to as bit in logic nomenclature. Standard 
calculations like adding, subtraction, multiplication and division work identical to 
decimal system. For example adding two numbers the digits can be added 
sequentially while taking care of carry bits from the single operations. 


Below the example of adding 1011 plus 0011 (decimal: 11-3). Starting from the 
lowest bit 1+1 is 0 plus a carry of 1 to the next digit. 1+1+1 is 1 plus a carry again. 


In the next digit there is the 1 of the carry plus 0, so 1 as result. For the highest digit 


1+0 delivers 1. 


1011 
+0011 


Carry bits »11 


1110 
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Boolean Algebra 


For elementary algebra expressions are noted down in numbers normally. In 
Boolean algebra the truth values false and true are used. These values can also be 
denoted with bits or binary digits, represented by logical 0 or 1. 


Basic Operations in Boolean algebra are the AND and OR operation as depicted in 
Table 1. The AND operation delivers a true or 1 as result if all input values are 
equal 1. For the two input variable example both A and B need to be equal 1 for a 
result of 1, all other combinations deliver the result O. 


For the OR operation, all inputs need to be 0 to get a 0 as result. If at least one 
input variable is 1 or true, the OR operation delivers a 1. 


Table 1: Basic Boolean operations AND and OR 
with 2 input values A and B 





0 0 0 0 
0 1 0 1 
1 0 0 1 


The AND and OR operation works in the same way if more than 2 variables are 
involved. 


An additional very important Boolean operation is the inversion. It is quite simple as 


Table 2 shows. A zero input variable results in a result of 1 and vice versa for a 1 as 
input. 


Table 2: Boolean operation of Inversion 
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Boolean algebra is identical for many rules if the operation У (OR operation) is 
replaced by an addition and the operation ^ (AND operation) by a multiplication. 
The following laws known from normal algebra are common with Boolean algebra 


2.1 Basic logic gate functions 





and called the monotone laws. Inverter/ NOT Gate 

Associativity OF ............... A^(B^C)S(A^B)^C The most simple gate function is the inverter. Below is the simple logic table of an 
AssociativityofFY ............... АУ(ВУС)-(АУВ)УС inverter. 

Commutativity OF As iu us oe t ie Be A^B-B^A 

Commutativity оҒУу.............. АУВ=ВУА Table 3: Inverter ог NOT Gate 

Distributivity of*overY. .......... AS(BY OC) SAAB) (ALO) 

dentity rule ого A^0-0 
Identity rule ЃогУ. .............. АУ1=1 0 1 

There are additional laws that are valid in Boolean algebra but do not exist in 1 0 


normal algebra: 
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AnnihilationofV. ............... Atel 
PARSE AAA There are two styles of symbols commonly used for Gates. One is the ANSI/ 
СЕОУ ВС " IEEE Std 91/91a-1991 type, the other one is according IEC 60617-12. In English and 
ЧетросепсеоГУ............... АУА-А M 
US publications the IEC symbols can be found seldomly only. So they do not reach 
Pope Ons Ns дра реф edited M Rs ША the high international relevance of the IEEE style 
а A^(AYB)-A : dix 
Distributivityof*over^. .......... AVIB^OS(AVB)^IAVC) 
The complementation rules are. t = 
Е Е 
АлА=0 АуА=1 
A very important rule is the so called de Morgan law. It сап be used to optimize and Figure 2.1a | IEEE symbol of an Inverter Figure 2.1b | IEC symbol of an Inverter 


restructure logic designs. If inverted inputs are processed with an AND operation 
this is identical to process these variables via an OR operation and to invert the 
result. The same law can be applied if you process inverted input variables with an 
OR operation. It is identical to have an AND operation for the variables and to 
invert the result. 


De Morgan laws: 


A ^ B = (A v B) УВ = (А л В) 


Di 
Wi 


Where: 
^=logic AND, Y=logic ОВ 
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2.2 Logic gates 


In the logic portfolio basic Functions are provided to enable the direct application 
of Boolean algebra. For example, the logic component for the AND operation is 
called an AND gate. Within electrical systems these gates are often referred to as 
control logic 


AND Gate 


The 2-input AND function is depicted in Table 4. The output of an AND gate will 

only be high (1) if all inputs are high. All other input combinations will result in a low 
(0) at the output. In electronic systems with active high enable, an AND gate output 
can be used to prevent enabling the system until certain conditions (e.g. power and 
temperature status) monitored at the AND gate inputs are met. If either input is 

held high the output will have the same state as the other input. This enables either 
input to be used as an active high enable to gate data streamed on the other input. 


In Figure 2.2 the symbols for a 2-input AND gate are depicted. 


Table 4: 2-Input AND gate function table 





Input A Input B Output Y 
0 0 0 
0 1 0 
1 0 0 


м | 
A 
mna113 
т. 
A 
mna114 


Figure 2.2a | IEEE symbol of an AND gate Figure 2.2b | IEC symbol of an AND gate 
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NAND Gate 


IF the output of an AND gate is inverted another basic function, a NAND gate is 
realized. The 2-input NAND function is depicted in Table 5. The output of a NAND 
gate will only Бе low if all inputs are high. All other input combinations will result in 
a high at the output. In electronic systems with active high enable, a NAND gate 
output can be used to disable the system if a combination of undesired conditions 
monitored at the NAND gate inputs have been met. If either input is held high the 
output will have the inverted state of the other input. This provides an active high 
gated inverter function. 


In Figure 2.3 the symbols for a 2-input NAND gate are depicted. 


Table 5: 2-Input NAND gate function table 


Input A Input B Output Y 
0 0 1 
0 1 1 
1 0 1 
1 1 0 


mna097 


со 
о 
о 
со 
е: 
Е 





Figure 2.3a | IEEE symbol of a МАМО gate Figure 2.3b | IEC symbol of a NAND gate 
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OR Gate 


The 2-input OR function is depicted in Table 6. The output of an OR gate will only 
be low if all inputs are low. All other input combinations will result in a high at the 
output. In electronic systems with active high enable, an OR gate output can be 
used to enable the system if one or more conditions (e.g. automatic or manual 
start) monitored at the OR gate inputs is true. If either input is held low the output 
will have the same state as the other input. This enables either input to be used as 
an active low enable to gate data streamed on the other input. 


In Figure 2.4 the symbols for a 2-input OR gate are depicted. 


Table 6: 2-Input OR gate function table 


Input A Input B Output Y 





0 0 0 


0 1 1 


mna164 
mna165 





Figure 2.4a | IEEE symbol of an OR gate Figure 2.4b | IEC symbol of an OR gate 
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NOR Gate 


IF the output of an OR gate is inverted another basic function, a NOR gate is 
realized. The 2-input NOR function is depicted in Table 7. The output of a NOR gate 
will only be high if all inputs are low. All other input combinations will result in a low 
at the output. In electronic systems with active high enable, a NOR gate output can 
be used to disable the system if any undesired conditions monitored at the NOR 
gate inputs have been met. If either input is held low the output will have the 
inverted state of the other input. This provides an active low gated inverter 
Function. 


In Figure 2.5 the symbols for a 2-input NOR gate are depicted. 


Table 7: 2-Input NOR gate function table 


Input A Input B Output Y 
0 0 1 
0 1 0 
1 0 0 
1 1 0 


mna103 
ааа-033159 





Figure 2.5а | IEEE symbol of a NOR gate Figure 2.5b | IEC symbol of a NOR gate 
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Exclusive-OR (XOR) Gate 


The 2-input Exclusive-OR (XOR) function is depicted in Table 8. The output of a XOR 
gate will only be high if only one of the inputs is high. All other input combinations 
will result in a low at the output. In electronic systems with active high enable, an 
XOR gate output can be used to enable the system if only one condition monitored 
at the XOR gate inputs has been met. If either input is held low the output will have 
the same state as the other input. If either input is held high the output will have 
the inverted state of the other input. This provides a dynamically controlled device 
that can stream data or inverted data. 


In Figure 2.6 the symbols for a 2-input XOR gate are depicted. 


Table 8: 2-Input Exclusive-OR-Gate 





Input A Input B Output Y 
0 0 0 
0 1 1 
1 0 1 
1 1 0 


Figure 2.6a | IEEE symbol of a XOR gate Figure 2.6b | IEC symbol of a XOR gate 
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Exclusive-NOR (XNOR) Gate 


IF an inverter is added behind an exclusive OR the function of an XNOR is realized. 
The 2-input Exclusive-NOR (XNOR) Function is depicted in Table 9. The output of a 
XNOR gate will only be high if both inputs are the same. АЦ other input 
combinations will result in a low at the output. In electronic systems with active 
high enable, an XOR gate output can be used to enable the system if both 
conditions monitored at the XOR gate inputs are the same. If either input is held 
high the output will have the same state as the other input. If either input is held 
low the output will have the inverted state of the other input. This provides a 
dynamically controlled device that can stream data or inverted data. 


In Figure 2.7 the symbols for a 2-input XNOR gate are depicted. 


Table 9: 2-Input Exclusive NOR-Gate 





Input A Input B Output Y 
0 0 1 
0 1 0 
1 0 0 


aaa-027780 
aaa-027781 





Figure 2.7a | IEEE symbol of a XOR gate Figure 2.7b | IEC symbol of a XOR gate 
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2.3 Storage elements 


Flipflops 


A Flipflop is a circuit which has two stable conditions at the output. This logic 
condition of a low or high state at the output does not depend on the actual 
setting of control inputs only but also on the history. A flipflop can store a state for 
an infinite time as long as a supply voltage is present. So it can store the 
inFormation of one bit. 


There are several types of flipflops with different topologies. 


Most simple is a so-called RS-flipflop. It can be set and reset via two inputs that 
work level controlled. 


A more important category of flipflops are D-flipflops. They have a data input D 
and can store the state of this signal line. Storage can be controlled by an enable 
signal. These flipflops are transparent from input to output as long as the enable 
signalis set to high level. The last logical state is stored once the enable is turned 
off. 


The most important category of flipflops work with a so-called clock signal CLK. The 
input signal is sampled and stored by the rising or falling edge of the clock. The 
clock-driven flipflops are the basic block for many important circuits in logic 
designs. These are multi-bit storage devices called registers as well as counters and 
shift registers. 


Logic devices from the standard families with storage stages have no internal 
power-on circuitry applying a reset to the flipflops in the IC. If a defined start 
condition For such devices is required, the application has to take care that after the 
supply voltage is ramped up into the recommended Vcc range, suitable controls are 
provided to the IC to bring it into the desired state. 


IF the product has a reset pin, this control can be used to clear flipflops contained in 
the design. This makes it easy to create a cleared state power-on condition. The 
timing requirements for the reset have to be obeyed. It does not work to connect a 
low active reset pin to the supply directly. Then Vcc and reset pin ramp up together 
and the device has no chance to perform a safe reset. In the FAQ section more 
advice can be found how to secure a reliable power up behavior if this is required 
by the target application. 


A detailed explanation of flipflop types and more complex circuits designed with 
this basic Function can be found in Chapter 6 of this handbook. 
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2.4 Switches 


Analog Switches 


Analog switches are bi-directional transmission gates, consisting of a PMOS and a 
NMOS transistor in parallel. They are used for switching rail to rail analog and low 
frequency digital signals. There are many configurations of analog switch available. 
Single pole single throw (SPST) is used in isolation applications. A single digital 
control pin is used to turn the switch on or off connecting or isolating the signal 
path. In the SP8T configuration three digital control pins are used to connect one 
input/output to one of eight output/inputs. Due to the bi-directional feature of 
analog switches the SP8T configuration is also known as an 8:1 analog multiplexer/ 
demultiplexer. In Figure 2.8 an SPDT configuration is shown. Two transmission 
gates have one common terminal, the pole and two independent throw terminals. 
This configuration uses a single digital control signal S to switch the pole terminal Z 
to either of the throw terminals Y1 or Y2. 
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Figure 2.8 | SPDT analog switch Figure 2.9 | Logic diagram SPDT switch 


Many products include a control pin to allow the multiplexer to be enabled or 
disabled. When disabled all switches are non-conducting (off). This enables the 
poles of several devices to be connected to create larger multiplexer/ 
demultiplexing solutions. Devices with this Feature are identified with SPXT-Z, 
the -Z indicating they can be disabled. 


Multiplexer configurations are used extensively in analog input expansion 
applications. Many microprocessors have a limited number of analog to digital 
converter (ADC) inputs. An analog multiplexer can be used to sequentially monitor 
many analog sensors using the same ADC input. On resistance (RON) and switching 
time (ten) specifications are provided in datasheets to enable an assessment to be 
made for application suitability. 
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Analog switches can also be used with digital signal isolation and multiplexing/ 
demultiplexing. As they are transmission gates they will not behave as a repeater 
and regenerate the digital signals, care must be taken to ensure that the digital 
signal is not compromised by any bandwidth limitations of the analog switch. 
Analog switch datasheets include a -3 dB bandwidth specification to allow 
assessment on the effect on the digital signal to ensure signal integrity within the 
application. 


Bus switches 


IF several SPXT-Z analog switches are used in parallel, data from several sources can 
be multiplexed onto a single data line. From a system standpoint connecting poles 
together does increase the effective load capacitance seen by the data signal. This 
will reduce the bandwidth of the solution. Bus switches have the same key 
parameters and are available in the same configurations as the above discussed 
analog switches. They can be used in isolation and multiplexing applications. To 
support the data rate increases in modern applications, bus switches have lower 
switch capacitance Cs(ow, resulting in higher bandwidth. Additional Features of bus 
switches include options of voltage level translation and switching signals higher 
than the bus switch supply voltage. 


2.5 Logic data sheet parameters 


Each logic device is supported by a datasheet as a result the data sheet parameters 
published will be explained in detail. The logic data sheets start with a general 
description of a device followed by a section about major features and benefits. 
Automotive qualified components can be identified easily via the Q100 at the end 
of the product name. 


All logic parts exceed at least a 2 kV HBM (Human Body Model) and 1 kV CDM 
(Charged Device Model) ESD rating to ensure safe handling in assembly and 
production. 


A section with ordering information follows addressing different package variants 
of the product. Marking code information is provided next, Followed by functional 
diagrams as discussed above. Pinning information per package option can be Found 
and a pin description. 


A Function table describes in detail how the device works exactly in dependence on 
all control inputs and/or a clock signal. 
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2.6 Limiting values 


Liming values are provided in accordance with the Absolute Maximum Rating 
System (IEC 60134). The device is not guaranteed to function under these 
conditions, it is guaranteed not to be degraded if stresses are kept within the 
limiting values. 


The limiting values start with the allowed supply voltage range from Vcc(min) up to 
Vcc(max). If this range is obeyed, no damage can happen to the device, but it does 
not need to be functional. Vcc(min) is equal -0.5 V in most cases. This is not a supply 
For operation of course. A range for the input and output voltages V and Vo is 
inFormed as next parameter. These values can be exceeded as long as the related 
clamping current limit к and ок are obeyed. 


A limiting value for the current of a single output is provided as well as an Icc and 
IcNp limit which is reached for example if several outputs drive a comparably 
low-ohmic resistor load. IF the output termination is applied towards ground, an (се 
current will be seen if the output state is high. If output termination is realized 
towards Vcc, additional ground current is created if the state of the output is the 
low-state. 


Logic components can be stored at temperatures from -65°C up to 150°C. The 
power dissipation of a device is limited to the value Р For a defined temperature 
range. For some package options a linear derating is mentioned as a footnote with 
a power decrease factor of e.g. 7.8mW/K to be applied starting For temperatures 
above 118°C. Prot reaches О MW at Tamb = 150°C. An electronic component with 
bond wires of gold shall not exceed a die temperature or T; above 150“С. 


2.7 Recommended operating conditions 


In this section of a logic device data sheet, the ranges for Vcc, Vi and Vo is informed. 
For Vo ranges can be found for products that support the lore Feature. These 
components have high-ohmic output stages if the supply voltage is removed 
(Vcc = OV). In power down or suspend mode, the maximum value for the 
recommended supply voltage range can be applied. 


An important parameter in the recommended operating condition section is the 
maximum allowed input transition and Fall rate At/AV. IF this condition is not 
Fulfilled, current consumption can increase and malfunction could occur for clocked 
devices or in case of noise overlay to the signals. 
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2.8 Static characteristics 


The static characteristics chapter inform the minimum voltage For a high-level input 
signal Viu(min) and the maximum voltage For a low-level input signal Vii (max) For a 
specific supply voltage Vcc. These parameters tell which area of the input voltage 
range is undefined or forbidden. 


Figure 2.10 shows the resulting input voltage ranges dependent оп Vcc for the 
logic Family AUP. The signal has to stay in one of the blue areas to be processed asa 
low-level or high-level. 


aaa-032005 
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Figure 2.10 | Input voltage ranges of the logic Family AUP dependent on Vcc 


For Schmitt trigger inputs the positive going threshold voltage Ут, and the 
negative-going threshold voltage Мт. is shown as transfer characteristic to define 
the behavior of a digital input. A Schmitt Trigger input provides a hysteresis 
characteristic as depicted in Figure 2.11. Schmitt Trigger inputs are tolerant to 
smooth transitions and quite immune against noise on the input signals. Many logic 
components feature a so-called Schmitt Trigger Action input. Such input does not 
have a wide hysteresis like a full performance Schmitt-Trigger input but performs 
more safely in case of noise overlay on transitions compared to a conventional 
input characteristic. 


Logic Application Handbook 





The static characteristics in a data sheet 
Furthermore include the output Vo 
voltages For a logic high-level Мон and 

low-level Vo, For defined output 

currents and supply voltages. For a 

proper operation from a logic device 

output to a logic device input the 

relation between output and input 

voltage has to be in line with row 1 and 

4 of Table 10. VE dn 
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Figure 2.11 | Schmitt Trigger Input 
Characteristic 


Table 10: Voltage requirements from output to input 
for a proper operation 


Device 1 Device 2 Operation 
Мон(гпіп) > Viu(min) Function guaranteed 
Мон(гпіп) < Мін(тіп) Function not guaranteed 
Мо (max) > М (max) Function not guaranteed 
Voi (max) « Vii (max) Function guaranteed 


Additional static parameters are the supply current maximum for open outputs 
Ісс(гпах) апа the maximum input leakage current li((max). For devices that support 
the loge Feature, the maximum power-off current | оЕЕ(тах) is informed for Усс-0У 
and a maximum Alorr For Vcc From OV to 0.2 V, means that a Vcc turn-off is not 
ideal. 


As an additional supply current parameter for input voltage deviating from perfect 
OV or Vcc low or high level condition, a maximum Alcc current value can be found. 


The above described static characteristics are provided for different temperature 
ranges for many logic devices in separate tables. 
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2.9 Dynamic characteristics 


001aae365 


The propagation delay tpp is a very important dynamic parameter of a logic device. VI 
For a gate or buffer it is the simple delay for a change at an input to a change of a 
logic state at the output. In Figure 2.12 an example is shown for a 2-input AND- 
Gate. The diagram depicts a propagation delay for the negative-going edge Ерні GND 
and the opposite direction from low to high state Ерін. Propagation delay is 

measured from a 5096 level of the related transitions. 
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Figure 2.12 | Data input to output propagation delay 
VOL 
For edge-triggered devices propagation delay is defined as time between the active Кени EE No {әү 


clock transition and the change of state at the output. Figure 2.13 is a timing 

diagram of a FlipFlop. Propagation delay is measured from the rising edge to the 

change of the output signal. Beside propagation delay other important timing Figure 2.13 | Timing diagram of a Flipflop 
parameters are shown in the diagram. The data input D needs to be stable for at 
least the set-up time ts, before the active clock transition and needs to stay stable 
at least for the hold time th. Fmax is the maximum clock Frequency of a logic device. 
This value is a good indication for the maximum signal speed that gates can handle 
from a considered logic Family. The parameter tw defines the minimum pulse width 
For the clock input CP low state and the width of the set and reset signals. АЦ these 
parameters can be found in the dynamic characteristics chapter of a data sheet. 


The dynamic parameters are listed For different supply voltages (Vcc). The higher 
the voltage, the faster a CMOS logic device becomes. Lower temperature 
decreases а. 
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Cpp is an equivalent power dissipation capacitance that supports the calculation of 
the dynamic power dissipation: 


Pp = Cpp X Vec? x fi X N + X [CL X Vec? x fol 


f| - input frequency in MHz Vcc - Supply voltage in V 
fo = output frequency in MHz N=number of inputs 
Сі = output load capacitance in pF Sum [C, x Vcc? x Fo] = sum of all outputs 


More details about timing aspects are discussed in the chapter Timing 
Considerations. 


Other info 


The logic data sheets inform with detailed waveform diagrams and test circuit 
schematics how data sheet values and parameters are derived and need to be 
tested. In a final section of data sheets the package outline of all the variants of a 
product are shown together with tolerance information. 
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As general purpose components, logic devices are used at different frequencies 
and power supply voltages in many different varieties of applications. This large 
diversity has produced the need to express a single parameter that can be used in 
determining the power dissipation of a device in a given application. This chapter 
describes difFerent components of power dissipation and how they may be 
calculated. 


3.1 Static considerations 


CMOS 


When a CMOS device is not switching and the input levels аге GND or Vcc, the 
p-channel and n-channel transistors do not conduct at the same time; no direct 
MOS transistor channel path exists between Vcc & GND. In practice however, 
thermally generated minority carriers, which are present in all reverse biased diode 
junctions, allow a very small leakage current to Flow between Vcc and GND. As this 
leakage current is typically a few nA, quiescent CMOS power dissipation is 
extremely low. Maximum quiescent power dissipation for the above conditions is 
calculated as: 


Pp = Vee X Ісс 


Where: 
Ісс= specified in the device datasheet 
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ВІСМО5 


In the case of BICMOS (Bipolar CMOS) devices; the current in the output bipolar 
stage is different when the output is set high or low. This results in two datasheet 
specifications for quiescent current lcc(for output low) & Ісс(Ғог output high). Quiescent 
power dissipation for input levels of GND or Vcc is calculated as: 


Pp = Vcc X (П11сс(%г output low) T Nn2Ícc(for output high) )/ (N1 T Пг) 


Where: 


ni number of outputs LOW n; number of outputs HIGH 


Input stage current due to GND «VI « VCC 


In the case where the input levels of the device are not held at GND or Vcc, a direct 
MOS transistor current path can exist between Vcc and GND; this leads to 
additional supply current through the input buffer stage of CMOS devices, and 
additional power dissipation. In device datasheets this is represented as Alcc, the 
additional current due to an input level other than Vcc or GND. In the case of 5.5V 
logic Families this parameter is generally measured at an input voltage of Vcc -2.1; 
in the case of 3.3V logic families it’s measured at an input voltage of Vcc -0.6 V. 
Static power dissipation is then calculated as: 


(3) 
Pp = Vcc X [(nilcc(toroutputiow) + N2Icc(for output high))/ (11 + n2) + nAlcc] 
Where: 
n=number of inputs at the intermediate level 


Note: 
For CMOS Іса zlccu = lcc, simplifying Equation (3): Pp 7 “ссх [lec + nAlcc] 
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Table 1 shows a comparison of Icc and Alcc For the '244 (octal buffer) Function of 
several logic Families. 


Table 1: Power consumption of logic process families 


CMOS families 





Device Voltage IccQ VI 
74HC244 6V 80 Vcc-2.1V 450 МА 
74АНС244 SON 40 Vcc-2.1 V 1500 МА 
741//244 5.5V 20 Vcc- 0.6 V 500 МА 
T4LVC244 boni 10 Мсс-0.6\/ 500 МА 
T4ALVC244 3.6V 10 Vcc -0.6V 750 МА 


BICMOS families 


Device Voltage Iccz са IccH 





741//Т244 3.6V 0,19 12 015 Усс-0.6У 0,2 mA 


3.2 Dynamic considerations 


When a device is clocked or changing state, power is dissipated through the 
charging and discharging of on-chip parasitic and load capacitances. Power is also 
dissipated at the moment the output switches when both the p-channel and the 
n-channel transistors are partially conducting. This transient energy loss is typically 
only 10% of that due to parasitic capacitance. 
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The total dynamic power dissipation per device is: 


4 
Pp = Х(СррИсс? fi) + X(CiVec? fo) 4) 
Where: 
Cpp = power dissipation capacitance fo = output frequency 
per buffer C, = total external load capacitance 
= input frequency per output 


It should be noted from the Equation (4), that Cpp is a useful parameter for 
determining power dissipation in any device for which power dissipation is a linear 
Function of frequency. Figure 3.1 shows Icc as a Function of frequency for the 
devices listed in Table 1. From this we can conclude that for all CMOS and ВІСМО5 
logic Families Cpp can be used in order to determine the worst case power 
consumption of a device in a given application. 
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Figure 3.1 | Power consumption over frequency for various logic process families 
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3.2.1 Duty cycle considerations with unbalanced outputs 3.2.3 Process family related dynamic power dissipation 
In the case of unbalanced output drive, such as found in BiCMOS, the output duty Dynamic power dissipation can be reduced using more advanced process technology. 
cycle could also be considered. Figure 3.2 shows the effect of duty cycle on the The table below shows a comparison of propagation delay and dynamic power 
power dissipation of the 74LVT244. It can be concluded from these measurements dissipation for various process family devices based on the 2 input AND Function. In 
that the duty cycle has little effect on the total power dissipation. This is due to the the comparison, AUP and AXP have the lowest power consumption, generally the 
switching currents within BiCMOS products being more dominant than steady state trend towards low power consumption of newer process families can be clearly seen. 
currents. 
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Figure 3.2 | Current consumption for different duty cycles ГУР НЕ 35 m ЕРЕ ж ap gm E 
3.2.2 Power dissipation due to slow input rise/fall times AUP 1.0 24 4.8 45 i 3.0 6.1 26 
When ап CMOS push pull stage switches, there is a brief period when both output AXP 0.3 2.0 3.0 i us 2.6 ы an 


transistors conduct. The resulting through-current is additional to the normal 
supply current and causes power dissipation to increase linearly with the input rise 
or fall time. As long as the input voltage is less than the n-channel transistor min typ max 


1.4V to 1.6V 1.1V to 1.3V 0.75V to 0.85V 


typ max 


typ max 


Pp Pp 


Pp 
threshold voltage, or is higher than Vcc minus the p-channel transistor threshold tpp (ns) (mW tpp (ns) (mW tpp (ns) (mW 


voltage, one of the input transistors is always off and there is no through-current. 
When the input voltage equals the n-channel transistor threshold voltage 

(typ. 0.7 V), the n-channel transistor starts to conduct and through-current flows, 
reaching a maximum at М = 0.5 Vcc. For devices with CMOS inputs, the maximum 
current is determined by the geometry of the input transistors. When Schmitt pP ————————— 
triggers are used to square pulses with long rise/Fall times, through-current at the AUP Iu ES NI CM? АИ ТИ : 17 = 4.8 
Schmitt-trigger inputs will increase the power dissipation (see Schmitt-trigger data Жы аңы а жо 5 шу E IL 
sheets). 
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3.3 Power dissipation capacitance 


Cpp is specified in the CMOS device data sheets, the published values being 
calculated from the results of tests described in this section. The test set-up is 
shown in Figure 3.3. Тһе worst-case operating conditions for Cpp are always chosen 
and the maximum number of internal and output circuits are toggled 
simultaneously, within the constraints listed in the data sheet. Devices that can be 
separated into independent sections are measured per section, the others are 
measured per device. 


The recommended test frequency for determining Cpp is 10 MHz, 5096 duty cycle. 
Loading the switched outputs gives a more realistic value of Cpp, because it 
prevents transient through-current in the output stages. 


The values of Cpp provided in datasheets have been calculated using: 


5 
С = (Icctave) X Vec) - КС. X Усс? X fo) + Усс X Israr] 5) 
ppc оо a 4 
Vee Xfi 
Where: 
Cpp = power dissipation capacitance fo = output frequency 
(per buffer) = input frequency 


Istar = supply current at dc 
(approx. zero For CMOS) 


Icc(ave) = supply current 
Vcc - supply voltage 
Cj = output load capacitance 


Logic Application Handbook 





Мсс(тах) 


ааа-032308 


10 uF 


DEVICE 


INPUT 
| | | | = UNDER 


TEST 





Figure 3.3 | Test set-up for Cpp determination 
3.3.1 Example CPD calculations 


CMOS 


In the case of 74LVC244, Istar is negligible апа сап be considered as zero for the 
purpose of Cpp calculation. The test set-up for the '244 as indicated in Conditions for 
Cpp tests was used, with the load shown in Figure 3.3. At Vcc2 3.6 V, = 10 MHz; 
Icc(ave) Was Found to be 2.24 mA. 


Using Equation (5): 


_ (224 mA x 3.6 V) — [(50 pF x 3.6 V? x 10 MHz) + 0 mW] 
М 3.6V? x 10 MHz 
Cpp = 12.2 pF 
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ВІСМО5 


In the case of 74LVT244, Istar cannot be considered as negligible at low frequency. 
As a result, a higher frequency is recommended For modeling its Cpp. The test setup 
depicted in Figure 3.3 has been used, however at a frequency of 30 MHz. Icc(ave) Was 
Found to Бе 11.53 тА. We then apply Equation (5) with the assumption that стат is 
negligible. 


Using Equation (5): 


_ (11.53 mA x 3.6 V) — (50 pF x 3.6 V? x 30 MHz) 
HT 3.6V? x 30 MHz 
Cpp — 56.8 pF 


Note: 

Performing the measurement and calculation at 20 MHz results in а Cpp of 66 pF. 
Due to the uncertainty of Istar in a given configuration, it is recommended that a 5 
to 1096 guardband is used when approximating power dissipation for BICMOS 
devices. 


Logic Application Handbook 





3.4 Using CPD to calculate power dissipation 


3.4.1 CMOS Device Calculation 


Consider a 3.6V application in which every 40 ms a 74LVC244A device is used to 
buffer Four 40 MHz, 75% positive duty cycle signals and two 80 MHz, 75% positive 
duty cycle signals, for a duration of 25 ms. The unused inputs are tied to 3.6V, the 
outputs drive 30 pF loads, and when not buffering, Four inputs are held at 3.0 V and 
two inputs held at GND. 


In calculating the average power dissipation we need to consider both the power 
dissipation For the 15 ms when the device is not buffering, and the power 
dissipation for the 25 ms when the buffers are active. 


In the first 15 ms the device is static and power dissipation is calculated using 
simplified Equation (3). In this case we have four inputs that are connected to 
Vcc -0.6 V. 


Py; = 36 VX 10uA Е4х 3.6 Vx 500 uA 
= 7.24 mW 


In the second 25 ms the total power dissipation can be estimated as the 
combination of static the dynamic dissipation due to the four buffers and outputs 
switching at 40 MHz, and dynamic dissipation due to the two buffers and outputs 
switching at 80 MHz. 


Рр, = 4 X (Cep + CL) X 3.6? х 40 MHz + 2X (Cro + Ci) X 
3.62 х 80 MHz 
= 67.1 mW + 87.1 mW 
= 174.2 mW 


The average power dissipation is then: 


Роа) = (15 X 7.24 mW + 25 x 174.2 mW) / 40 
— 111.6 mW 
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3.4.2 BiCMOS Device Calculation 
Consider the LVT244 in the same application. 


In the case of BICMOS devices, the duty cycle must be taken into consideration 


because (се and Iccy are not identical. In the first 15 ms of the application the static 


power dissipation is calculated using Equation (2) to determine quiescent power 
dissipation and adding the power dissipation caused by the four inputs that are 
connected to Vcc -0.6 V. 


Рра — 3.6Vx (6 X Ісс(юг output high) + 2 X Icc(for output low)) / 8 14x356VxA Ісс 
= 11.3 mW + 2.9 mW 
= 14.2 mW 


The power dissipation іп the next 25 ms contains in addition to those of the 
74LVC244A case the component Istar. Рр can be used to approximate [стдт. 


Ро; = 4X (Crp + CL) х 3.62 X 40 MHz + 2 x (Cep + сі) x 
3.62 X 80 MHz + 3.6 X Israr 
=180 mW + 180 mW + 14.2 mW 
= 374.2 mW 


It should be noted that in using equation 3 to determine our dynamic dissipation 
components we are assuming a rail to rail output swing. As BiCMOS outputs don't 
swing rail to rail this will produce a worse case approximation. 


The calculated average power dissipation is then: 


Рр) = (15 х 142т/И/ + 25 x 374.2 mW) / 40 
= 239.2 mW 
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3.5 Results and conclusion 


Table 2: Comparison of measured and calculated results 


Static 15 ms Dynamic 25 ms 


Calculated 
Calculated 
Calculated 


"Оемісе 





74LVC244A 0,008 0,028 7,24 48,2 173,5 174,2 | 1084 111,6 


74LVT244 14,2 102,4 3268060 3/42 2338 2392 





Determination of power dissipation is an essential part of system design. Ву 
understanding the static and dynamic components of power dissipation, and how 
they can be modeled; a system designer is able to estimate the worst case power 
dissipation of an application. 


Table 2 shows the comparison of the measured results to those calculated. The 
values of static and dynamic current that were calculated are within 1096 of the 
measured values. Importantly the calculated values are higher than the measured 
values. This is due to the calculations being made with worse case datasheet limits. 
This is considered advantageous in system level power calculations, as it provides 
extra power budget margin in the application. It can be concluded, from the 
examples presented, that any device that has a linear relationship between supply 
current and frequency can be modeled as a single power dissipation capacitance 
Cpp for the purpose of power dissipation calculations of that device used in any 
application. 
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Conditions for Cpp tests 


Gates 

All inputs except one are held at either 
Vcc or GND, depending on which state 
causes the output to toggle. The 
remaining input is toggled at a known 
frequency. Cpp is specified per-gate. 


Decoders 

One input is toggled, causing the 
outputs to toggle at the same rate 
(normally one of the address-select pins 
is switched while the decoder is 
enabled). All other inputs are tied to Vcc 
or GND, whichever enables operation. 
Cpp is specified per-independent- 
decoder. 


Multiplexers 

One data input is tied HIGH and the 
other is tied LOW. The address-select 
and enable inputs are configured such 
that toggling one address input selects 
the two data inputs alternately, causing 
the outputs to toggle. With 3-State 
multiplexers, Cpp is specified per output 
Function for enabled outputs. 


Bilateral switches 

The switch inputs and outputs are 
open-circuit. With the enable input 
active, one of the select inputs is 
toggled, the others are tied HIGH or 
LOW. Cpp is specified per switch. 


3-State buffers and transceivers 

Cpp is specified per buffer with the 
outputs enabled. Measurement is as for 
simple gates. 


Latches 

The device is clocked and data is 
toggled on alternate clock pulses. Other 
preset or clear inputs are held so that 
output toggling is enabled. IF the device 
has common-locking latches, one latch 
is toggled by the clock. 3-State latches 
are measured with their outputs 
enabled. Cpp is specified per-latch. 


Flip-Flops 

Measurement is performed as for 
latches. The inputs to the device are 
toggled and any preset or clear inputs 
are held inactive. 


Shift registers 

The register is clocked and the serial 
data input is toggled at alternate clock 
pulses (as described for latches). Clear 
and load inputs are held inactive and 
parallel data are held at Vcc or GND. 
3-State devices are measured with 
outputs enabled. IF the device is For 
parallel loading only, it is loaded with 
101010..., clocked to shift the data out 
and then reloaded. 


Counters 

A signal is applied to the clock input but 
other clear or load inputs are held 
inactive. Separate values for Cpp are 
given for each counter in the device. 


Arithmetic circuits 

Adders, magnitude comparators, 
encoders, parity generators, ALUs and 
miscellaneous circuits are exercised to 
obtain the maximum number of 
simultaneously toggling outputs when 
toggling only one or two inputs. 


Logic Application Handbook 





Display drivers 

Cpp is not normally required for LED 
drivers because LEDs consume so much 
power as to make the effect of Cpp 
negligible. Moreover, when blanked, the 
drivers are rarely driven at significant 
speeds. When it is needed, Срр is 
measured with outputs enabled and 
disabled while toggling between lamp 
test and blank (if provided), or between 
a display of numbers 6 and 7. 


LCD drivers are tested by toggling the 
phase inputs that control the segment 
апа backplane waveforms outputs. IF 
either type of driver (LCD or LED) has 
latched inputs, then the latches are set 
to a flow-through mode. 


One-shot circuits 

In some cases, when the device (сс is 
significant, Cpp is not specified. When it 
is specified, Cpp is measured by toggling 
one trigger input to make the output a 
square wave. The timing resistor is tied 
to a separate supply (equal to Vcc) to 
eliminate its power contribution. 


UJ 


л 
Ф 
= 
> 
Ф 
© 
= 
o 
i 
л 
е, 
> 
У 
СО 
© 
С 
© 
л 
е, 
> 
U 
ы 
© 
ышы 
л 
с 
© 
d 
© 
(= 
Ф 
p= 
л 
с 
о 
W 
ы 
Ф 
> 
О 
à 





UJ 


Power considerations for CMOS and BiCMOS logic devices 


56 


nexperia | Design Engineer's Guide 





Chapter 4 


Timing aspects of 
discrete devices 
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In a circuit design, the right timing of all participating components is essential for 
Functionality. A wrongly calculated delay of a component or a misunderstanding of 
its temporal behavior could end up in a complete system failure. This chapter will 
explain the required Fundamentals to understand the timing aspects of logic 
devices and successfully apply them in the design process. 


4.1 Synchronous and asynchronous logic 


An asynchronous circuit, or self-timed circuit, is a digital logic circuit which is not 
governed by a clock circuit or global clock signal. Instead it often uses signals that 
indicate completion of instructions and operations, specified by simple data 
transFer protocols. This type of circuit is contrasted with synchronous circuits, in 
which changes to the signal values in the circuit are triggered by single or repetitive 
pulse called a clock signal. Most digital devices today use synchronous circuits. 
However asynchronous circuits have the potential to be faster, and may also have 
advantages in lower power consumption, lower electromagnetic interference, and 
better modularity in large systems. An illustration of asynchronous and 
synchronous logic circuit examples is given in Figure 4.1 and Figure 4.2. 


Figure 4.1 shows a symbol for asynchronous logic. In contrast to just combinatorial 
logic, a logic state can be stored and therefore a Feedback loop is needed. An 
example for such an element is a simple RS Flip-Flop. 


For a synchronous Logic element, the feedback loop id synchronized by an extra 
clock signal as shown in Figure 4.2. 


Combinational 
Logic 





aaa-032006 
aaa-032007 


Figure 4.1 | Asynchronous Logic element Figure 4.2 | Synchronous Logic element 
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4.2 Propagation delay time of a device 


In digital circuits, che propagation delay, or gate delay, is the length of time which 
starts when the input to a logic gate becomes stable and valid to change, to the 
time that the output of that logic gate is stable and valid to change. In logic 
components datasheets this refers to the time required for the output to reach 
5096 of its Final output level when the input changes to 5096 of its Final input level. 
Reducing gate delays in digital circuits allows them to process data at a faster rate 
and improve overall performance. The determination of the propagation delay of a 
combined circuit requires identifying the longest path of propagation delays from 
input to output and by adding each tpp time along this path. 


The difference in propagation delays of logic elements is the major contributor to 
glitches in asynchronous circuits as a result of race conditions. 


Pulse Width tw is the time gap between a rising edge and a falling edge of a signal. 
The reference signal level For measuring the time is 5096 of the amplitude between 
high and low level. Figure 4.3 shows the measurement parameters for propagation 
delay (tpg if Ёрнї = ын), rise and fall times (tr- tri n, ЕГ-ітні). Transition times are 
measured from 1096 to 9096 of signal level. 


aaa-010415 


VI 
A, B input 


GND 


VoH 


Y output 


VoL 





Figure 4.3 | Propagation delay measurement 
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4.3 Timing parameters of 
Flip Flops and Latches 


Flip-Flops and Latches are circuits with two stable states that can be used to store 
state information. Flip-Flops can be either level-triggered (asynchronous, 
transparent or opaque) or edge-triggered (synchronous, or clocked). 


Propagation delay — Propagation delay for a Flip Flop is the time between the 
clock event (either rising or falling edge) and the output signal change. As well as 
For gates, 5096 of the signal level is taken for measurement window. 


Setup time tsu — Setup time is the minimum amount of time the data input should 
be held steady before the clock event (either rising or falling edge), so that the data 
is reliably sampled by the clock. 


Hold time tu —Hold time is the minimum amount of time the data input should be 
held steady after the clock event, so that the data is reliably sampled by the clock. 
Both set-up and hold time are illustrated in Figure 4.4. 


The timing parameters set-up and hold time are related to interface signal levels 
and are caused by internal gate delays, meaning that the clock signal needs to be 
propagated internally to sample the data signal. 


Aperture is the sum of setup and hold time. The data input should be held steady 
throughout for this period of time. 


VI 


mna653 


D input 


GND 


VI 
CP input 


GND 





VoH 


Q output 





VoL 


Figure 4.4 | The Clock input (CP) to output (Q) propagation delays, clock pulse width, 
D to CP set-up and hold times and the maximum clock input frequency 
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Recovery time is the minimum amount of time the asynchronous set or reset input 
should be inactive before the clock event, so that the data is reliably sampled by 
the clock. The recovery time For the asynchronous set or reset input is thereby 
similar to the setup time For the data input. 


Removal time is the minimum amount of time the asynchronous set or reset input 
should be inactive after the clock event, so that the data is reliably sampled by the 
clock. 


4.4 Skew definitions 


Skew specification measurements are taken at certain conditions which may or, 
more likely, may not match a specific condition in a system application. However, 
like other AC specifications the skew specification is valuable as a "benchmark" for 
estimating certain circuit characteristics. Skew specifications are most valuable in 
clock-driving applications and applications where duty cycle characteristics are 
important. Three specific skew specifications are described as Follows: 


4.4.1 Output Skew tSK(o) 


JEDEC definition: "The difference between two concurrent propagation delay 
times that originate at either a single input or two inputs switching simultaneously 


and terminate at different outputs." 
„ЗАД 


This skew generally characterizes 
like-going edges of a single IC only. It 
compares tp; н versus Ерін (or Ерні vs. 
Ерні) For two or more output data paths. 
This parameter is very useful in 
describing output distribution 
capabilities of a device. Е5К(о) would be 
most valuable to designers using the 
device as a clock driver, distributing 
clock signals. tSK(o) could be further 
subdivided into tSK(LH) (output rising 
edge) and tSK(HL) (output falling edge) Figure 4.5 | Output skew illustration 
skews, as can be seen in Figure 4.5. 
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4.4.2 Process Skew tSK(x) 


JEDEC definition: "The difference 
between identically specified 
propagation delay times on any two 
samples of an IC at identical operating 
conditions." 


Part А 





This parameter addresses the issue of 
process variations by quantifying the OUTPUTA 
difference between propagation delays 
that are caused by lot-to-lot variations. 
It does not include variations due to 
differences in supply voltage, operation 
temperature, output load, input edge 
rates, etc. 


Part B 


This parameter could be viewed as a 
tSK(o) skew over several like devices. An 
example of two devices with process 
skew is shown in Figure 4.6. 





Figure 4.6 | Process Skew 


4.4.3 Pulse Skew tSK(p) 


JEDEC definition: "The difference between the propagation delay times Ерні апа 
ірін when a single switching input causes one or more outputs to switch." 


This parameter is used to quantify duty cycle characteristics. Some applications 
require a nearly perfect 50% duty cycle. tSK(p) specifies the duty cycle retention 
characteristics of the device. 


4.5 Meta stability and its mitigation 


Meta stability in electronics is the ability of a digital electronics system to persist For 
an unbounded time in an unstable equilibrium or metastable state. In digital logic 
circuits, a digital signal is required to be within certain voltage or current limits to 
represent a "О" ог '1' logic level for correct circuit operation; if the signal is within a 
Forbidden intermediate range it may cause faulty behavior in logic gates the signal 
is applied to. In metastable states, the circuit may be unable to settle into a stable 
‘0’ ог ‘1’ logic level within the time required for proper circuit operation. As a result, 
the circuit can act in unpredictable ways, and may lead to a system failure, 
sometimes referred to as a "glitch". 
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Reasons for Meta Stability 


In most cases, the cause for an undefined internal state of a logic device is the 
absence of input drive. The basic element of all logic devices is the inverter with a 
PMOS and an NMOS transistor connected with common drain and common gate. In 
stable state, one of them is conducting while the other is disabled. In case of an 
input signal driving the common gate to an intermediate voltage level between Vcc 
and GND, both PMOS and NMOS transistors are partly conducting. This 
intermediate state is normally occurring during switching transition. IF it remains as 
a static state, the device is metastable and a constant current through the 
transistors is drawn. In addition to the undefined logic state, the increased current 
consumption is another reason for the necessity to avoid meta stable states in a 
logic circuit. 





CLK-A CLK-B 


CLK-A 
( 1 
| 
СІК-В 
Din : | 
І 
Ds | 
| | 
| | 
Dout 
| | 
Metastable ' Stable Output 





phase 


aaa-032020 


Figure 4.7 | Meta stability in a synchronizer where data crosses between 2 clock domains 


Mitigation of Meta stability 


As Far as meta stability is caused by input signals, it is important For the circuit 
designer to assure that driving signals are in defined states, logic high or low. 


Causes related to internal device configurations as shown in Figure 4.6, must be 
prevented by design measures taken by the designer. Unused inputs should always 
be connected to Vcc or ground thru an appropriate current limiting resistor. 
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4.6 Maximum frequency information 


The operation frequency and the related data rate of logic devices is to a large 
extent dependent on process technology. 


The maximum clock or operation frequency is specified in data sheets for those 
devices which are timing related such as Flip Flops and Counters. Generally, devices 
of the product segment ‘synchronous interface logic in Nexperia's web page have a 
specification for frequency. 


For other devices, the best way to find out the operation frequency is to compare a 
timing related device of the same process family. 
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Logic devices have input level requirements (Vinput high=Viy and Vinput low 2 Vii) 
and provide output voltage levels (Vou and VoL). The levels depend on the supply 
voltage as well as on process technology and design. Table 1 shows an extract of a 
data sheet table showing these figures. 





o The usage of discrete logic devices is associated with various aspects of interfaces. Table 1: Specified input and output logic levels 4 
= The timing was already addressed in the previous chapter. Further to timing, many и 
F : : : : . C КТ 2 Tamb S 
i more aspects need to be considered when integrating a discrete logic device into 5 S n 9 
U an application design. In particular, voltage level shifting needs to be addressed. = © U 
e Various features of logic devices are also interface related, such as Bus Hold, lorr, 5 5 Міп Typ oo МИ e 
T" and Schmitt Trigger inputs. Physical effects are affecting the interfaces of discrete u= 
= device, and are therefore addressed in this chapter as well, i.e. Ground and Vcc Усс-0.8У Е = a Y = 
9 bounce. Мсс= 0.9 to 1.95V 0.65xVcc  — = V У 
= Маст 2.5 Нај 2 mw 1.6 - - V e 
Ф (0 
сл : : А А А Мсс= 3.0 to 3.6\/ 2.0 - - V o 
5 5.1 Application requirements for interfacing vec ИШЕТЕП ЕУ 5 
UL As 
Ф А high performance of a system is very often the result of a thorough system а ee Е ән аА 9 
© integration. In а system integration process, all parts of the system need to be Усс- 2.3 to 2.7 V z E 0.7 V © 
composed to form a functional unit. Тһе primary requirements that make a Мсс= 3.0 to 3.6V - - 0.9 V 
component fit into the system are oriented to its interface properties such as MEUM 
timing, voltage and other features. In the following sub-chapters, we will explain 
the most important interface properties of discrete logic devices to support their ipee iet ect BOWS | о ше; а Y 
integration. lo2-1.1mA; Усс-1.1У ТМ | = = V 
lo=1.7 Мсс=1.4\/ 1.11 = = V 
Level shifting/translation БЕРЕТ Т ТЕР 7 7 V 
Level shifter and translator circuits are КЕП С! 205 _ 3 \/ 
used to interface between components IN Translator Т ЕНЕ Те 7 Е Т 
with different supply voltage and 
input-output voltage levels. A classic КЕ loz 2.7 mA; Мсс= 3.0V 2.72 а B ij 
example is a Microcontroller with a lo =4.0 тА; Vcc2 3.0V 2.6 - - V 
supply voltage of 1.8V and a peripheral ТЕ 7777 
device, i.e. а sensor with a supply E MEE Е Е "m 7 
voltage of 3.3 V. If the enable signal for 4 йн B Ы й 
the sensor is driven by a GPIO of the Figure 5.1 | Translating transceiver interface lo=—-1.1 mA; Усс-1.1У = = 0.3х\/сс V 
Microcontroller (which has 1.8 V) it los 1547 nne Were aV - - 0.31 V 
needs to be level shifted to 3.3 V. There We Oe ОЕ, _ _ 0.34 V 
are various mechanisms For level 
shifting. EZMA Were сој wi = = 0.31 V 
lo=3.1mMA; Vcc=2.3V = = 0.44 V 
Input and Output levels IS Ша Т E ed d 
lo =4.0 MA; Меес 3.0 = = 0.44 V 
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Vin is the high-level input voltage, if a voltage is applied that is > Viu, it will be 
considered logic HIGH. Vi, is the low-level input voltage, if a voltage is applied that 
is «Vi, it will be considered logic LOW. Мон is the high-level output voltage at a 
specified output current. Vo, is the low-level output voltage at a specified output 
current. 


Table 2 shows the input and output levels for TTL and CMOS products over a range 
of supply voltages. 


Table 2: CMOS and TTL input and output voltage levels 





Input Voltage | Output Voltage Input Voltage Output Voltage 
Voltage 
5.0-15.0V 0.7xVcc 0.3 x Vcc 
5.0V 2.00 0.80 2.40 0.50 3.50 Ее 4,50 0.40 
3.3 V 2.00 0.80 2.40 0.55 2.31 0.99 2.55 0.45 
1.8\/ о 0.68 1.30 0.35 
1.5V 0.98 0.78 1.30 0.35 
2 0.78 0.42 1.03 0.36 


As shown in Table 3, to guarantee functionality, the Мон of the driver must be 
higher than the Viu of the receiver. Similarly, the Мој of the driver must be lower 
than the ми of the receiver. 


Table 3: Output and input voltage relations required for functionality 





Device 1 Device 2 Operation 

Мон (min) > Мін (піп) Function guaranteed 
Мон (min) « Мін (min Function not guaranteed 
VoL (max) > Vit (max) Function not guaranteed 
Мог (max) < Vit (max) Function guaranteed 
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The existence of many voltage nodes creates issues when trying to connect circuits 
together. Figure 5.2 depicts H-L and L-H translation between devices of 3 different 
process families, in this example LVC, AUP and AXP types. As can be seen, level 
translation will be necessary when devices of these process types are connected in 
a circuit. 


У,>-3.5У 
Defined HIGH 


шу У,<1.5У 
0.5 V Defined LOW 





LVC AUP 


М,>-2 E 
Defined HIGH 









UV 


Моне Ун М,,>1-35У 
V< 1.08V 


Defined LOW "EE 


AUP AXP 








Figure 5.2 | І/О Voltage level overview for ІМС, AUP, AXP 
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Types of translations 


Uni-directional 

Uni-directional translators can be either high-to-low or low-to-high level translators, 
but the signal direction is fixed. As an advantage, these translators only need one 
power supply domain, if the voltage gap between the 2 domains is within limits of 
<2V. 


3.3V 






Receiver 


Driver directional Receiver 
Translator 







Driver 





Figure 5.4 | Bi-directional LOW to HIGH 
and HIGH to LOW voltage translation 


Figure 5.3 | Uni-directional low-to-high 
voltage translation 


Bi-directional 
Bi-directional translators are more flexible, both directions are supported and this 
is requiring dual power supply domains. 


Bidirectional translation can be implemented using a direction control pin or with 
automatic sensing of the direction. The direction control pin needs to be driven by 
one of the participants, and it needs to have the right voltage level іп dual supply 
voltage translators, in most cases this will be the VccA domain. 


Auto Direction translators have no direction control pin and instead can be 
implemented using one of the following approaches: 


“ aninner circuit for sensing the driver 

* alow power Feedback loop that holds that last direction used and can be 
overwritten 

* anintrinsic direction control such as a pass transistor. 


Dual-supply voltage translators 
Dual-supply devices have two supply 
voltages at different voltage ranges. 
These translators can be used for uni or 
bi-directional voltage level translation. 
Dual supply devices are designed for 
asynchronous communication between 
devices operating at different voltages 
and are also known as dual-supply 
voltage translators. Dual-supply voltage 
translators can be used for LOW to HIGH 
and HIGH to LOW voltage translation. 
These devices are supplied at 
VccA & Vccg and interface data ports 
A&B operating in different voltage 
domains. They feature DIR pins to 
control signal direction. They are more 
power efficient than the single supply 
solutions. 


Mechanisms of translation 


Clamp Diode Inputs 


15V 
Device 






DIR 
1A 1B 
е ' е 
е ы, ө 
ө n i5 ө 
пА nB 
Veca Меев 


Figure 5.5 | Dual supply voltage 
translating transceiver 


Clamping diode 










A Input 


buffer 


ESD Protection 


Figure 5.6 | Clamp input diode using current-limiting resistors 


By using input current limiting resistors with the internal clamp diode, High to Low 


voltage translation is possible. 
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Many CMOS inputs include diodes to Vcc in their input ESD protection structures. 
Voltages higher than Vcc can be clamped by these diodes if current limiting 
resistors are used. This provides High to Low voltage translation using current 
limiting resistors. When voltages are higher than Vcc, it must be assured that the 
supply voltage is able to compensate the higher input voltage and does not 
increase the Vcc of the device. 


Value of current limiting resistor Rc, can be calculated using Vcc values of driver 


and receiver devices. The input clamp diode also serves as an ESD protection. 


Table 4: Output and input voltage relations required for functionality 


Vi «-0.5V or - +20 mA 
Vi» Мес + 0.5 V 
DEL ZEE 


Devices with input ESD diodes to Усс: 


A device has input ESD diodes to Vcc if the datasheet limiting value of lik includes 
the condition Vi» Мсс+ 0.5 V and the max recommended у= “сс (see Table 4). 


To use the ESD diode as a clamp diode the value of the current limiting resistors Есі 
should be set to ensure that the limiting value of liis not exceeded. If there are 
more than one inputs, ensure that the combined current does not exceed the 
limiting value of сс. 


Advantage: Disadvantage: 
* Can be used to interface any voltage * Requires external components 
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Overvoltage tolerant inputs 


5V Device 3.3V Device 


Input buffer 


ESD 
Protection 


Figure 5.7 | Using overvoltage tolerant inputs to enable HIGH-to-LOW level translation 


Modern CMOS ESD protection circuits provide the same ESD protection without 
including a diode to Vcc. These devices have over-voltage tolerant inputs because 
the recommended value of V is not Vcc but the same as the recommended 
maximum Vcc. A device specified for operation over a supply voltage range of 1.65 
to 5.5V can be used at 3.3V with 5.5 V applied to inputs. A device with overvoltage 
tolerant inputs is suitable for High to Low level translation. 


A device has overvoltage tolerant inputs if the datasheet limiting value of lik does 
not include the condition Vj» Мсс+ 0.5 V and the max recommended Viis not Vcc 


Advantage: Disadvantage: 

* No external components required • Input cannot be driven at voltages 

* Lower system power than clamp greater than the recommended 
diode solution maximum value of Vcc 
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Open-drain outputs 

An open-drain output can be pulled-up to the desired voltage level in Low to High 
voltage translation. The open drain output itself can only pull down, as it is 
implemented as a NMOS transistor with an open drain connected to the output of 
the device. In conduction mode, the NMOS conducts the output to GND. In devices 
equipped with an open-drain output, the output is pulled-up to a pull-up voltage 
level matching the input requirements of the device it is driving. A pull-up resistor is 
used on the output For level translation. 


1.8V Device V pull-up = 3.3V 3.3V Device 


Pull-up 
resistor 


Output Input 





EN 


Figure 5.8 | Open-drain output and pull-up resistor for level translation 


Important points to note when considering open-drain outputs with pull-up 
resistors For level translation: 


“ The output rise and fall times are dependent upon the value of pull-up 
resistor used. 

• The pull-up may be higher than or lower than the device supply voltage 

“ In designs that use power-down to save battery life use devices that 
include lore in the static characteristics 

* How to detect devices with open-drain outputs from data sheet 
properties: 

* Logic devices with open-drain outputs will not have a Vou parameter 
listed in the static characteristics of the datasheet. 


Advantage: Disadvantage: 
* High Low or Low High translation * Requires external components 
e Additional system power 
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Low threshold inputs 

CMOS devices with input switching 

thresholds set lower than the typical ves 
Vcc/2 can be used for Low to High 
translation. Figure 5.9 shows an input 
structure of a low threshold device. The 
combination of N1 sizing and the drop 
across diode D1 determines the input 
threshold. The P2 PMOS reduces 
cross-bar current through the inverter. 
The AHCT and HCT families operate at 
5 V and have inputs that сап be 
interfaced to 5V TTL or 3.3 V CMOS = 
outputs. AUP1T operate at 3.3V and 


can be used to interface to 1.8 V CMOS Figure 5.9 | CMOS input structure for low 
outputs. threshold input 






Input 


To logic 
circuit 


Devices with low-threshold inputs can be detected from data sheet properties: 

They will have a Alcc included in the static characteristics listed in the datasheet. 
This is the extra static current due to an input being applied that is less than Усс. 
Table 5 shows a fraction from the data sheet table specifying the additional Alcc. 


Table 5: Parameters for devices with low-threshold inputs 





хва (ранет снаа бмк |p ми у 
= 50 UA 





Vi=Vcc - 0.6 V; = 
lo=0A; Vcc=3.3V 


It must be ensured that power dissipation is minimized the input should be set low 
as the default condition. 


Advantage: Disadvantage: 
* No external components required * Higher power dissipation due to Alcc 
e Same footprint as standard Function 
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Examples of combinations of translation features 


Overvoltage-tolerant inputs with open-drain outputs 


In some cases a modular system may 
consist of circuits in three different 
voltage nodes. Control logic may be 
required to ensure correct functionality 
across all modules. A device that 
includes overvoltage-tolerant inputs 
and opendrain outputs can be used to 
interface between three voltage 
domains. 


Figure 5.10 shows the 74AUP2G07 
being supplied at 2.5 V and interfacing 
control signals between circuits at 3.3 V 
and 1.2 V. 


1.2V 


3.3V 74AUP2G07 
Device Device 





Figure 5.10 | OVT input with open drain 
outputs 


Clamp diode inputs with open-drain outputs A device that includes an ESD 
protection diode and opendrain outputs can be used to interface between three 
voltage domains. Figure 5.11 shows the 74HC3G07 being supplied at 5.0 V and 
interfacing control signals between circuits at 12 V and 3.3 V Low-threshold inputs 


with open-drain outputs. 


A device that includes low-threshold inputs and open-drain outputs can be used to 
interface between three voltage domains. Figure 5.12 shows the 74HCT3G07 being 
supplied at 5.0V and interfacing control signals between circuits at 3.3 V and 1.8 V. 


ey 74HC3G07 d 
Device Device 





Figure 5.11 | Clamp diode inputs with open 
drain outputs 


3.3V 74HCT3G07 1.8V 
Device Device 


Figure 5.12 | Low threshold inputs with open 
drain outputs 


5.2 Schmitt Trigger inputs 


Schmitt trigger is a comparator circuit with hysteresis implemented. It is an active 
circuit which can convert an analog input signal to a digital output signal. When the 
input is higher than a chosen threshold, the output is high. When the input is below 
a different (lower) chosen threshold, the output is low, and when the input is 
between the two levels the output retains its value. This dual threshold action is 
called hysteresis. 


Schmitt trigger devices are typically used in signal conditioning applications to 
remove noise from signals used in digital circuits, particularly mechanical contact 
bounce in switches. They are also used in closed loop negative feedback 
configurations to implement relaxation oscillators, used in Function generators and 
switching power supplies. 


Input 1 Input 2 
2 (slow input signal) (noisy input signal) 


At/AV = no limits 


ааа-032351 


High 
threshold 















Low 


Ve threshold 














t 














t 
Output 











Figure 5.13 | The effect of noise compensation via Schmitt-Trigger input 


A device with Schmitt-Trigger input has a specification For threshold voltage levels 
in the static characteristics table as shown in Figure 5.14: 


A similar input Function is the Schmitt trigger action, it has a smaller hysteresis than 
Schmitt-Trigger to improve noise immunity but will have an input and rise time limit 
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Summary: 


e Schmitt trigger inputs will have specs • Schmitt trigger action will have rise 





л WV 
АЈ АЈ 
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> > 
Ф Ф 
"О of Vu, and Vt- depicted іп datasheets time and fall time limitations specified Қ; 
5 LL e Schmitt trigger action will not have Vt For inputs in the recommended © 
9 > specs in the datasheet operating conditions 9 
ч ш 
2 Е Symbol for a је! 
“a Legic 0 —— күтер Schmitt-trigger D 
| F i in ө 

Ф es 5.3 lorr mechanism and purpose Ф 
- Lower threshold —* “- Upper threshold а 
СО Input voltag О 
о on In astandard CMOS output circuit, body diodes of both NMOS and PMOS transistor сл 
Е аге conducting even if the transistor is not in conduction mode. When a circuit is i 
«9 Figure 5.14 | Schmitt-Trigger Symbol and input voltage characteristics switched to partial power down mode, the body diode of the PMOS transistor is че 
ы 
Ф still conducting to the Vcc node if the output is connected to a certain voltage level. 9 
tc Table 6: Schmitt-Trigger data sheet figures Ут,, Ут-, Ун This is not desired and the lopp mechanism is used to mitigate this effect. = 

= л Tamb Tamb 

фо С 

2 5 40°С to -40*C to = 

Е = +85°C +125°С ini о 

© 5 Я Уссі- 0 © 

а. O Тур Min Мах © 

Vcc3=0 
AUP1G08 Vcc2=0 


Figure 5.15 | Bus system with Logic devices featuring lorr 
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5.4 Ground and VCC bounce 


Ground bounce is usually seen on integrated circuits where insufficient precautions 
have been taken to supply a logic gate with a sufficiently low resistance connection 
(or sufficiently high capacitance) to ground. In this phenomenon, when a transistor 
is turned on, enough current flows through the transistor circuit that the silicon in 
the immediate vicinity of the ground connection is pulled partially high, sometimes 
by several volts, thus raising the local ground, as perceived at the gate, to a value 
significantly above true ground. Relative to this local ground, the gate voltage can 
go negative, thus shutting off the transistor. As the excess local charge dissipates, 
the transistor turns back on, possibly causing a repeat of the phenomenon, 
sometimes up to several bounces. 


Vcc bounce is a similar effect based on insufficient capability of the supply rail to 
drive the drawn current or by inductive effects of adjacent devices. 


The Vcc node in the power subsystem is supposed to be at a constant potential or a 
constant voltage with respect to logic ground. Real power subsystems have varying 
currents drawn from them. Real power subsystems have non-zero impedances. The 
combination of these two result in "ripple" or Vcc rail bounce. Any signal line that is 
at a logic 1 using a CMOS driver will have this ripple riding on it unattenuated. 
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Figure 5.16 | Ground bounce effect caused Бу signal switching 
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Figure 5.17 | Усс bounce effect caused Бу signal switching 
Measures to mitigate ground and Vcc bounce: 


* Decoupling capacitors between Усс and ground provide a temporary, low 
impedance, stable potential For the IC and localize the bounce effect to 
keep it From spreading to the rest of your circuit. By keeping the 
capacitors close to the IC, you minimize the area of inductive loop in the 
PCB traces and decrease the disturbance 


serially-connected current-limiting resistors to prevent excessive current 
From flowing into and out of the Device 


* Address ground bounce in Layout/Routing implementation. Any 
unnecessary separation between the signal and return path will increase 
the inductance of that signal line and the subsequent effects of ground 
bounce 


* Measures to reduce Vcc bounce are the same as described for reducing 
Ground bounce. 
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5.5 Bus Hold 


CMOS device inputs are connected to 
the gate oxide of the NMOS and PMOS 
transistors and have a very high 
impedance. The advantage of CMOS, 
the very low power consumption under 
static conditions, is dependent on 


defined levels of the gate input voltage. 


In Figure 5.18 below we can see the 
CMOS input schematics and the Alcc 
current/Vin curve. When V| has a value 
at ~VDD/2, Icc reaches its peak and that 
should only occur during a switching 
process. If the input is Floating and the 
input voltage has a value nearby VDD/2, 
an unwanted Alcc current flows which 
leads to undesired power consumption. 


A way to mitigate this situation is to 
apply external pullup- or pull-down 
circuits. However, if these measures 
cannot be implemented, an internal 
Feature that can be offered to prevent 
Floating inputs is the Bus Hold feature. 
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Figure 5.18 | Alcc current over Vi 


It provides a weak internal Feedback inverter to the input, forming a latch together 
with the input stage (see Figure 5.20). By doing so, the last input level (low or high) 
is stored and thus the input voltage level is at a defined state, even in the absence 
of external voltage supply. Due to the relative weakness of the feedback inverter, 
the required driver strength of external signals at the input is not much increased. 
With this Feature, floating input condition and associated increased Alcc can be 


avoided. 
= 
|| [А 
Vie Кој 
L 
АЛЕ! гта 


Fg 





bustad celi 


The bus-held feature CMOS input buffer 


Figure 5.19 | Illustration of Alcc current Figure 5.20 | Bus hold circuit 
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e Bus-Hold is a standard Feature of Nexperia's ІМТ & ALVT bus interface 
products. It is available as an option in Nexperia's LVC, ALVC, and AVC bus 
interface products. An H is used to identify the bus-hold option (e.g. 
LVCH) 


Bus interface solutions from Nexperia include 8-, 16-, 18- and 32-bit 
buffers/inverters/drivers, Flip-Flops, latches/registered drivers, level 
shifters/translators and transceivers 


In the data sheet, the Bus Hold properties are described in the table of static 
characteristics (Table 7). An example is shown in Figure 5.20. The high and low hold 
currents are the leakage currents in the device in high and low state respectively, 
Flowing into the common drain of the feedback inverter shown in Figure 5.20. The 
overdrive currents are required to force the logic state to change into the 
respective opposite direction. 


Table 7: Static characteristic table for a transceiver with Bus Hold feature 


ТатБ Tamb 
-40°C to -40°C to 


+85°C +125°С 


Parameter 
Conditions 


Min Тур“ Мах | Min Max 








Vcc= 1.65 V; 


Vi=0.58V 

Vcc = 2.3 V; Vi=0.7 V 30 — - 25 - UA 
Mess. UV Vi=0.8 V 9 - - 60 - UA 
OWN IMP 
ЕСЕТА =30 = — -25 — UA 
Vcc=3.0V; Vi=2.0V —75 = = -60 - UA 
Мсс=1.95\/ 200 - - 200 - UA 
Macc 300 - - 300 - UA 
Мсс=3.6\/ 500 - - 500 - UA 
М = КОБ -200 - - -200 = UA 
Vea 2M -300 - - -300 - UA 
Vcc=3.6 V -500 = = -500 — UA 


* All typical values are measured at Tamb = 25°C. 
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5.6 Source Termination 


With increasing systems speeds and faster logic devices, interconnect 
characteristics have become significant. The signal transition times of faster devices 
can increase transmission line effects on printed circuit board traces and cables. If 
not taken into consideration, signal degradation can cause data errors in a system. 


Lumped and distributed systems 


Series termination is one of many ways to terminate what are known as distributed 
systems 


Electronic systems can be considered as either lumped systems or distributed 
systems. Factors that determine if a system is lumped or distributed include the rise 
time of applied signals and the delay time of the conductor. 


IF all points on the conductor react to a potential at the same time the system is 
lumped. Lumped systems have short trace lengths. 


IF all points on a conductor do not react 





to a potential at the same time the { 
system is distributed. Distributed laa = T 
systems have longer trace lengths. б con 
Lon iS the сәлемге length in: 
Generally the border between lumped к. ds lha signal rise Lire [ps] 


wh Бағы? Ihe СЕРЧИСТОГ delay {рг 
апа distributed systems occurs when | SUIS Боца ау реп) 


trace length exceeds the signal rise (ps) 
divided by six times the delay time of 
the conductor (ps/in), as shown in the 
equation in Figure 5.21. 


Figure 5.21 | Calculation of conductor length 


Unlike lumped systems, distributed loads cannot be modeled using a single lumped 
capacitance. Transmission line models must be applied to determine the 
characteristic impedance of the distributed system. 


IF left unterminated, reflections occur in distributed systems. This is due to 
impedance mismatch between the output and the load it is driving. Reflections can 
lead to ringing on the signals. Unterminated distributed systems can lead to signal 
integrity issues within applications. 





iT i Ies V. 


Bu Ге” driving an untermi nated 
disErib. ted load 





Figure 5.22 | ZL- characteristic Impedance of Figure 5.23 | Signal diagram for driver with 
distributed load distributed load 


Source termination 


To avoid signal integrity issues, one common way of terminating distributed 
systems is source termination. In source termination, the output resistance of the 
driver is matched to the characteristic impedance of the distributed system 


The matching is done by adding a series resistor RS between the driver output and 
the distributed load. The value of the series resistor is set to ZL – ROUT. ZL is the 
characteristic impedance of the distributed system and ROUT is the output 
resistance of the driver. The updated circuit diagram is shown is shown in 

Figure 5.24, the improved Signal behaviour can be seen in Figure 5.25. 


zu 

im 

rai 
Манара [V] 


Buffer driving a source terminated 
distributed load 





Figure 5.25 | Improved signal behavior due to 
added series resistor 


Figure 5.24 | Updated circuit of driver and 
load with series resistor 
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The value of Rout is not given in the data sheet of the driver but can be calculated 
From data sheet Figures. In the table for static characteristics, the output high level 
voltage Vou is specified for certain levels of IO and Vcc. Rout is the ohmic resistance 
of the output stage and can be calculated like Rout = (Vcc-Vou)/IO, the values for 
Vcc, Vou and IO can be taken from the static characteristics tale in the data sheet as 
shown in Table 8 below. 


Table 8: Specification of Vou 


Tamb Tamb 
-40°C to -40°C to 


+85°C +125°C 


Parameter 
Conditions 


Typ* Max | Min 





Vi=Vin Or Ми 

lo=-100 UA; ас 7 е (254212 V 
Мсс=1.65\/ to 3.6\/ 0.2 0.3 

lo=-4mA; 

лс We 1.05 V 
lo=-8 MA; 

Veo a 1.8 1.65 V 
lo2-12mA; 

Мед АМ 2:2 2.05 V 
lo=-18 тА; | _ 

Mae DW 2.4 2.25 V 
lo=-24 mA; - = = 
Е 2/2 2.0 V 


* All typical values are measured at Tamb = 25°С. 





Integrated source termination 


Nexperia provides solutions in which output impedance matching is included. In 
general, the outputs are matched to a characteristic impedance of 50ohms, making 
them suitable for a range of common PCB trace and cable impedances. While not 
providing perfect impedance matching for all loads, they can be used to reduce the 
amplitude of reflections in applications that are space constrained. The undershoot 
and overshoot performance into distributed systems of characteristic impedance 
From 50 to 75 ohms is acceptable. 


Nexperia's advanced low voltage 

BiCMOS LVT &ALVT families and ы 
advanced low voltage CMOS families 
LVC, ALVC& AVC(M) all include source 
termination as an option. Many of 
Nexperia's 8-bit, 16-bit and 32-bit 
products include source termination as 
an option. These include buffers/ 
inverters/drivers, Flip-Flops, latches/ 
registered drivers and transceivers. 
When source termination is included on 
a transceiver device, it is included on 
both ports. 





Figure 5.26 | Signal behaviour with 
3 different internal source termination resistors 


When source termination is included as an option within a Family, a 2 is added after 
the family name in 8-bit devices. In 16-bit devices such as the 74LVC16244, the 2 is 
added after the 16. 16244 is changed to 162244 to indicate that the source 
termination Feature is included. 
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Chapter 6 


Analog апа Logic 
Product Segmentation 
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In this Chapter, the functions and features of discrete Logic and analog devices are 
described. The coverage is largely corresponding to the product portfolio of 
Nexperia and clustered in a similar way as in the Internet portal. For various product 
groups, typical application examples are presented to support understanding and 
practical usage of the product group. 


6.1 Analog ICs 


Analog Switches 


Analog switches can be used to transmit both, analog and digital signals. An ohmic 
conduction is established between input and output, implemented with MOSFETs 
and controlled by logic gates. The structure of an Analog Switch is basically a 
N-Channel FET in parallel with a P-Channel FET which allows signals to pass in either 
direction like shown in Figure 6.1. 


N-CHANNEL 


Input Output 






P-CHANNEL 


Control 


LOGIC 1 = ON 


Basic Internal Structure 


aaa-032355 


Figure 6.1 | Analog Switch circuit 
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There are various kinds of analog switches classified as: 


aaa-032356 





Figure 6.2a | Single pole single throw switch: 
one input is switched to one output 


ааа-032358 





Figure 6.2c | Single pole Triple throw switch: 
1 input is switched between 3 outputs 


There are more permutations possible 
and available, such as Single pole 4 
throw, Single pole 8 throw, Single pole 
16 throw. In all cases, switches are 
bidirectional, thus input and output can 
be swapped. 





Figure 6.2b | Single pole double throw switch: 


one input is switched between 2 outputs 





Figure 6.2d | Double pole double throw: 
2 inputs are switched to 2 outputs each 
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Table 1: Important parameters for analog switches 


Parameter Description Explanation 





Vi Input Voltage Range Determines the analog signal Amplitude 
that can be passed without clipping 

Vin/ Vit Switch Control Signal Levels Digital control pin logic levels 

RoN(peak) ON resistance (peak) Maximum resistance of the switch when 
conducting 

RoN(flat) ON resistance (flatness) Specifies the variation of RON with input 
voltage 

Сѕ(ом) / ON-state/ Total Switch and Load Capacitance affect 

Cs(OFF) OFF-state capacitance response time, settling time, and Fan out 
limitation 

Ё(-зав) -3dB frequency response Bandwidth of the switch 

THD total harmonic distortion Typical signal distortion caused by the switch 

Xtalk Crosstalk Figure of merit For the isolation between 
switches 

Q Charge Injection Defines the amount of charge coupled into 
the pass FET when switched on/off 

MBB Make-Before-Break Guarantees that two Multiplexer paths are 
never open when signal path is changed. 
Disadvantage of this solution is that 2 inputs 
could be temporarily shorted 

BBM Break-Before-Make Guarantees that there is only one channel 


active at a time and no more than one 
channel being active simultaneously, which 
excludes a scenario of two inputs being 
connected during transition time 


Bus switches 


Like analog switches, Bus switches establish an ohmic connection between 
terminals. In terms of functionality there are various overlaps and similarities with 
normal analog switches. The main difference is that Bus switches need to be able 
to properly disconnect in power-off mode. In a system with multiple participants 
sharing the same bus, access to the bus must be controlled and thus disconnecting 
the signal lines, also in power off mode, is an essential Feature. In comparison to 
analog switches, the transmission speed of bus switches is typically higher with up 
to 500MHz. 


6.2 Asynchronous Interface Logic 


In asynchronous Logic, signals are not synchronized with a clock signal. This cluster 
includes: 


* Buffers, Inverters, Drivers with single- and multi-bit topology. 
* Transceivers 

e Schmitt-Triggers 

* Voltage translators 


Lower-drive microcontroller signals are often not capable of controlling higher-load 
peripherals. With high-impedance inputs and high-drive outputs asynchronous 
interface logic is used to improve signal integrity. Beside buffers and inverters, 
voltage translators are included in this section. 


6.2.1 Buffers, Drivers, Inverters 


A Buffer is technically a series of two 
Inverters which is used to refresh a 
weak digital signal, typically caused by a 
low strength drive output connected to 
a rather big capacitive load or many 
parallel inputs. The output of the buffer 


shall rebuild a properly shaped digital 
waveform and improve signal integrity. A IL 
Both, non-inverting and inverting 


functions are available. Figure 6.3 shows Buffer 
the refreshing effect of a buffer. 


aaa-032360 





Figure 6.3 | Symbol of a buffer 
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6.2.2 Transceivers 


A Transceiver is a bidirectional Buffer, used to receive and/or transmit data from/to 
a data bus. A direction control pin is used to select the direction of data flow. 


Transceiver 


aaa-032361 


In/Out 1 In/Out 2 


| 
Direction Control 
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Figure 6.4 | Symbol and truth table of a transceiver 


The simple transceiver is built of two buffers with direction control circuitry. Other 
kinds of transceivers are also including latches or registers allowing to store input 
values and release them to the output when needed. 


Transceivers are available in many topologies such as single, dual, quad, octal, 16 or 
18 bit editions related to bus connection requirements. 


Various Features are associated with transceivers: 


* Open drain outputs 

* Bus hold option for inputs maintaining the input value in case that the 
input is not actively driven 

e Schmitt-Trigger and Schmitt-action inputs providing input hysteresis. 


More information about interfacing Features is available in the Interface-Chapter. 
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6.2.3 Schmitt-Triggers 


A Schmitt Trigger device has a hysteresis behavior For the detected logic state at an 
input dependent on the direction of the state change. The input state and together 
with this also an output of a logic Function does not switch at a dedicated voltage. 
A change of state happens later compared to a simple input if the input voltage 
increases or decreases towards a state change. 


The distance of the transition voltages 

For the state changes define the width Wis 
of the hysteresis called Vu. Мт. is the 
voltage where the input state changes 
From low level to high level whereas 
V1. is the input voltage where the input 
state changes from high level to low 
level. In Figure 6.5 an example of a 
Schmitt-trigger Inverter is shown. 
Voltage for a state change of a 
Schmitt-Trigger depends on the prior 
state, the input tends to keep an actual 
state because of the hysteresis. 


mna207 








< Vi —> 


VT- VT+ 


Figure 6.5 | Input to Output transfer curve for 
a Schmitt Trigger Inverter 


This makes Schmitt Trigger inputs more stable for noisy input signals. Normal logic 
devices require a minimum rise and fall rate for input signals. Schmitt Trigger 
devices do not have such kind of restrictions because there is not a risk of 
undesired switching if there is noise on a smooth changing input signal. 


For Schmitt Trigger components the parameter Vy, Ут, and Ут. сап be found in the 
input characteristics of the data sheet. Devices which do feature a small width for 
the hysteresis of some 10 mV only are referred to as Schmitt (Trigger) action 
devices. This small hysteresis is not quantified in the data sheets but mentioned in 
the Feature list. 
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In applications Schmitt Triggers are T=R*C. The second input of the gate 
used for slow transition input signals works as an enable. Oscillation stops if 
and in case of noise overlay. With enable is put to low level. The second 
Schmitt Trigger Inverters, МАМО or NOR gate is applied as buffer behind the 
gates simple oscillators can be realized. oscillator. 

Figure 6.6 shows the example of a 
NAND gate-based circuit (e.g. 
74HCT132). The left side МАМО is 
coupled back from output to one input Enable 
via a resistor. At this input a capacitor is d 
applied to ground. Because of the 

inversion function, the capacitor is 

charged until the output state changes а 
to low level, then the capacitor is ЇЇ 
discharged until the output swaps back Ы 
to high level. The circuit shown works as 
a rectangular pulse generator. The time 
constant for oscillation is dependent on 


Application example: 






aaa-032008 


Figure 6.6 | Schmitt Trigger NAND-Gate 
Oscillator with output buffer gate 


6.2.4 Voltage Translators 


Many Factors have caused the existence of the number of voltage domains in 
modern applications. In modular designs, newer low voltage processors might need 
to operate with proven peripherals which operate at higher voltages. Using 
translators, signals of different voltage domains can be interfaced together. 

In this product section voltage translators or level-shifters with different topology 
can be found. The translators can be unidirectional or bidirectional with an 
additional direction control pin for the data flow. 


Types of translations 


Uni-directional 

Uni-directional translators can be either high-to-low or low-to-high level translators, 
but the signal direction is fixed. For uni-directional translation, either single or dual 
supply voltage topology is possible. 

There are single supply translators which can provide a voltage translation towards 
a lower voltage by means of an over-voltage tolerance at the inputs. This means 
that the logic device is supplied with 2.5 V For example and input signals from a 

3.3 V-driven device are provided. 


Logic Application Handbook 





3.3V 








Receiver 


Driver 


Figure 6.7 | Example showing a voltage translation device 


For a translation from a low voltage towards a higher voltage logic inputs are 
required that feature a rather low Мн rating. In this case a comparably low voltage 
drive can switch safely between the logical states although the supply voltage is 
relatively high. With open drain output devices, a level conversion from low to high 
level is also simple if the maximum pull-up voltage has a rather high limit. 

Dual supply voltage translators give more flexibility For a level up or down 
translation. They have the advantage that the input levels are always perfectly 
matched to Vcca, whereas Vccg defines the output voltages. 

Dedicated voltage translator devices can be identified quite easily by the letter T in 
the type name, e.g. 74AUP1T08 is a unidirectional, single supply device. 


Bi-directional 

Bi-directional translators are more flexible, both directions are supported. This is 
associated with dual supply voltage, a bidirectional translation with a single supply 
is not possible. An example of a bidirectional dual supply device is 74AUP1T45. 


MES UNES 


R 


Driver directional eceiver 


Translator 





Figure 6.8 | Bidirectional translating transceiver 
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Dual supply versus single power supply translation 


Dual-supply voltage translators can be used for Low to High and High to Low 
voltage translation. These devices are supplied at VccA& Vccg and interface data 
ports A&B, operating in different voltage domains. They feature output enable (OE) 
and direction control (DIR) pins to enable or disable the outputs and control signal 
direction. They are more power efficient than the single supply solutions. Gates, 
buffers and shift registers are often implemented with translator function built in. 


Advantage 
* No Alcc issue as it always works with 

proper input voltage levels ШЕ 
e Low power consumption for battery 

operated & handheld systems s қ 
* Same interface 

(w.r.t firmware & hardware) : 
e Flexibility in translating to/from a : p ° 

variety of voltage nodes А је ° 
Disadvantage 

nA nB 

e Different Footprint leads to change іп y y 


the layout. xs ote 
* Larger packages are required, extra 


pin For second supply. Figure 6.9 | Multi bit dual supply transceiver 


6.2.5 Bi-directional translation with automatic sensing 


IF bi-directional translation is needed but no direction signal by the system 
components is available, an auto sensing translator can be used to resolve the 
problem. A pair of УО spanning voltage domains can act as either inputs or outputs 
depending on external stimulus without the need for a dedicated direction control 
pin. Internally, an extra current sensing circuit detect the direction and configures 
the translation circuit accordingly. 


LSF translators 


THE LSF010x translator family is a bidirectional multi-voltage level translator with 
an internal pass transistor. It has a reference channel and, dependent on the type, 
several translation channels that can be used independently. The independent 
usage of the channels is meant in terms of different voltage levels as well as 
different directions. 
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Using reference channel and enable pins 

The internal structure of the LSF translator is shown in Figure 6.10, as an example 
of an LSF0101 with one translating channel. The source of the reference channelis 
supplied by Vref A, resulting in a voltage level of Vref А-Утн (70.8 V) at the source 
of Vref B and at the gates of all pass transistors in the IC. Thus, the gate voltage 
levels of all pass transistors is determined by Vref A. 

The enable pin of the LSF translator should be externally shorted to the Vref B pin. 
IF the enable pin shall be controlled dynamically, this pin should not be driven by a 
push-pull stage because in case of high level drive, the enable pin voltage would be 
Forced to the supply voltage level of the driver. Instead, the enable pin should be 
driven with an open drain driver without a pull-up resistor, as it is already provided 
by Vref B. 


Vref B 
supply 


ааа-032362 


200 КО 


Vref В 


VBPU 






Vref A + VTH 
a 


Al 





OUT 7 


Figure 6.10 | Using enable and reference Voltage of a LSF0101 translator 


ФА 


(= 
= 
LJ 

со 
айыў 

С 

Ф 

Е 

о 

Ф 
л 
„ыў 

ы 

-2 
© 

О 

t= 
а. 
= 

o 

о 
- 
© 

(= 

со 

o 
© 

со 

с 
4 





ФА 


С 
= 
eJ 

со 
ы) 

(= 

Ф 

Е 

о 

Ф 
л 
de 

W 

= 
© 

О 

ы 
а. 
Е 

о 

о 
- 
© 

(= 

со 

o 
© 

со 

с 
4 





пехрегіа | Design Engineer's Guide 





Translation channel usage 

If the transmitter uses a push-pull stage, the external pull-up resistors can be 
omitted. For open drain transmission drivers, external pull-up resistors are essential 
as open-drain outputs can only drive the low state actively. 


Down translation 

It is recommended to connect the B-side to the higher voltage. In the down 
translation scenario, the B-side is driving and the A-side is receiving. 

When the driver is driving a low voltage, the input of the translator is pulled to low 
level, causing the internal transmission FET to conduct. This will open the 
connection to the output of the transistor and current will Flow from the output 
through the pass transistor into the open drain of the driver. As a result, the output 
at the A-side is pulled down to low level. 

When the driver outputs a high level, the output voltage will Follow the input until 
the FET turns off. The output voltage will then be pulled high by via the pull-up 
resistor on the A-Side. 


Up translation 

In this use case, the A-side is driving and the B-side is receiving. When the 
transmitter is driving the input low, the internal pass transistor will be turned on, 
pulling down the output of the translator as well as in down translation scenario. 
When the driver is driving a high level, the output voltage will Follow the input until 
the FET turns off. The output voltage will chen be pulled high by via the pull-up 
resistor on the B-Side. 


Multi voltage translation application Example 

The LSF translator can also be used to translate different voltage levels per channel 
as shown in the example in Figure 6.11. It shows a scenario with one 
Microcontroller and three communication partners, each of them operating at a 
different voltage level. On the A-side, each channel is pulled up to 3.3V via a 
resistor. This is important because if the Microcontroller is in receive mode, it's 
inputs are high impedance and without the pull-up resistors on the A-side, the input 
voltage of the Microcontroller I/O would have the high level of the respective 
transmitter From the B-side rather than the required own input voltage level. 


It is also important to select the Vref A supply voltage to the lowest in the system, 
in the example case in Figure 6.11, determined to 1.2 V by Receiver 2, marked with 
a red circle. 
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Figure 6.11 | LSF translation with multi voltage receivers 


Calculating pull-up resistor values 

On the A-side, pull-up resistors are only required in case of Vref A«Vcc of the 
device on the A-side. Otherwise the A-side high level voltage will be determined by 
Vref_A. In case where there is only one voltage domain per side, pull-up resistors on 
the A-side are not needed. 

For the calculation of external pull-up resistors, we assume that Vref is opening the 
channel of the pass transistor sufficiently so that we can use the values for Ron 
[гот the data sheet. 


the pullup-resistor on the B-side shown in Figure 6.12 can be calculated using the 
assumptions: 


І2С Slave 
EN cs е) D SDA -- — — — 4 
| 
| 
| 


Figure 6.12 | Example of I2C translation with Master in transmission mode 
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The A-side is pulling down the voltage level and a current Flows from B to A or the 
B-side is pulling low and current is flowing directly From VCCB into the target 
device at the B-side. 


When the B-side is pulled LOW following the above assumptions, the condition will 
exist that the specified Voi (в) is higher than the Vi (д), so in order for the solution to 
operate, Vo, (в) is lowered to be equal to Мица) in order for the I/O to register a LOW. 
Therefore, the voltage at B1 must be calculated to be Vi (д). Since no current flows 
through the switch, the voltage at B1 equals the voltage at A1, and the I/O is 
satisfied. The current path is shown in Figure 6.12. Іов) is equal to the B-side driver 
sink current. 


Equation 3 calculates Rpu when the B-side is asserted. 


ИРЏ = У 3.3V —0.15V 
Rou = pu УА) _ — 2100 (3) 
1р(в) 15тА 


The lower limit of the pull-up resistor is determined by the Ми level and the drive 
current of the devices. The high limit of the pull-up resistor is determined by 
frequency requirements, too high resistance reduces the maximum frequency. 


NXS translators 


The second auto sense translator family we present is the NXS family. Like the LSF, 
itis bidirectional and capable of multi-voltage level translation. The NXS has an 
internal pass transistor and additional one shot circuits to accelerate rising edges of 
the input signals. Internal 10 КО pull-up resistors lift up the output voltage of a 
channel to the respective pull-up voltage. 


To achieve faster data rates through the device, these translators include rising 
edge-rate acceleration circuitry to provide stronger drive for the rising edge by 
bypassing the integrated 10-КО pull-up resistors through a low impedance path 
during low-to-high signal transitions. A one-shot (O.S.) circuit with an associated 
T1/T2 PMOS transistor is used to increase switching speeds for the rising-edge 
input signals. When a rising edge is detected by the O.S. circuit, the T1/T2 PMOS 
transistors turn on momentarily to rapidly drive the port high, effectively lowering 
the output impedance seen on that port and speeding up rising edge inputs. 
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The N-channel pass-gate transistor is used to open and close the connection 
between the A and B ports. When a driver connected to A or B portis low, the 
opposite port is, in turn, pulled low by the N2 pass-gate transistor. The gate bias 
voltage of the pass-gate transistor (T3) is set at approximately one threshold 
voltage above the Vcc level of the low-voltage side. During а low-to-high transition, 
the output one-shot accelerates the output transition by switching on the PMOS 
transistors (T1, T2), bypassing the 10 КО pull-up resistors, and increasing current 
drive capability. The one-shot is activated once the input transition reaches 
approximately VCCI/2, and is de-activated approximately 50 ns after the output 
reaches VCCO/2. During the acceleration time, the driver output resistance is 
between approximately 50 and 700. To avoid signal contention and minimize 
dynamic ICC, the user should wait For the one-shot circuit to turn off before 
applying a signal in the opposite direction. The pass-gate transistor T3 is on when 
VGS is greater than VT. When one side of T3 is held low by an external driver, with 
the input to ТЗ at 0 V, ТЗ will be on and the output of T3 will be held to nearly OV 
due to the on-state resistance of T3. As the input voltage rises due to a rising edge, 
the output voltage of T3 tracks the input until the input voltage reaches VGATE 
minus VT and T3 turns off. After T3 stops conducting, the input and output ports 
continue to rise to their respective supply voltages due to the internal pull-up 
resistors. In the second case, both ports start with high levels since the integrated 
pull-up resistors tie the inputs to the respective supply voltages, Veca) and Vcc). 
When the input ports are pulled low by external drivers, T3 starts to conduct when 
VGS is greater than VT and output starts tracking the input. The source current 
needed for this operation must be provided by the external driver connected to 
the A or B port. 


Input driver requirements 

Since NXS level shifters are switch-type level shifters, properties of the input driver 
directly affect the output signal. The external open-drain or push-pull driver applied 
to an I/O determines the static current sinking capability of the system; the 
maximum data rate high-to-low output transition time (ETHL) and the propagation 
delay (EPHL) depend on the output impedance and the edge rate of the external 
driver. The limits provided in the datasheet for these parameters assume use of a 
driver with output impedance below 50 О. 


Output load considerations 

The maximum lumped capacitive load that can be driven depends on the one-shot 
pulse duration. In cases with very heavy capacitive loading, there is a risk that the 
output will not reach the positive rail within the one-shot pulse duration. Capacitive 
loads up to 150pF can be driven without any issues using NXS level shifters. 
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NXB translators 


001aal921 


NXB translators are the third bidirectional autosense translator Family of Nexperia. VCC(A) VCC(B) 


Figure 6.13 shows the architecture of one I/O channel of an NXB level translator. 
The translator incorporates a weak buffer with one-shot circuitry to improve 
switching speeds for rising and falling edges. When the A port is connected to a 
system driver and driven high, the weak 4 КО buffer drives the B port high in 
conjunction with the upper one shot, which becomes active when it senses a rising 
edge. The B port is driven high by both the buffer and the T1 PMOS, which lowers 
the output impedance seen on the B port while the one-shot circuit is active. On 
the falling edge, the lower one-shot is triggered and the buffer, along with the T2 
NMOS, lowers the output impedance seen on the B port while the one-shot circuit 
is operating and the output is driven low. Figure 6.14 shows the active circuitry in 
the NXB I/O channel during translations from low to high and high to low. 
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Figure 6.14 | Architecture of a NXB IO cell 


Figure 6.13 | Basic NXS Architecture 
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6.3 Synchronous Logic 


6.3.1 Flip Flops 
A Flipflop is a circuit with two stable conditions at the output. 


An RS-FlipFlop can be realized with basic gates. Figure 6.15 shows a realization with 
two NOR-Gates. Table 2 shows how the output reacts on the setting of the control 
inputs S (set) and R (reset). The input pins realize a positive control, so the flipflop 
can be set and reset with a high level at the corresponding input pin. With both 
inputs at low level, the state programmed before is stored. 


IF both control pins are put to high state at the same time, both outputs deliver a 
low state which is not a desired condition as Q and QN are not inverse anymore. 
After a change from this input control towards the store state, the output will 
acquire a random logical state. So putting both inputs to high cannot be 
recommended and should be avoided. 


Table 2: Control table for Flipflop created with 2 NOR-Gates 


Input Input Output Output S 9 
Y QN а à 
1 0 1 0 
0 1 0 1 | 
Den R Q 
0 0 Store Store 
1 1 0 0 Figure 6.15 | RS-Flipflop 


created with NOR-Gates 


IF 2 NAND-Gates are connected in the same structure like the NOR-Gate approach 
discussed above, a circuit as depicted in Figure 6.16 is realized. We get an RS- 
Flipflop again but with negative control logic. This means the а low level at the set 
or reset input programs the state of the FlipFlop. With both inputs high, the storage 
condition is created. Putting both input pins to low is the forbidden condition 
which can lead to a random state after changing into the storage state. 
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Table 3: Control table for Flipflop created with 2 NAND-Gates 





Input Input Output Output S 5 
a È 
0 1 1 0 
1 0 0 1 == 
R Q 
1 1 Store Store 
0 0 1 1 Figure 6.16 | RS-Flipflop 


created with NAND-Gates 


6.3.2 Latch or D-flipflop with level controlled enable 


A simple extension of an RS-Flipflop creates a D-Flipflop or latch like depicted in the 
principle schematic in Figure 6.17. The data input is one input signal to an AND- 
Gate which second input is connected to an Enable signal. The inverted data signal 
is connected to a second AND-Gate which is connected to Enable at the second 
input again. Behind the two AND-Gates an RS-Flipflop is placed. 


If Enable is at high state the flipflop is either set or reset dependent on the state at 
the D-Input. While the Enable signal is high, the incoming D signal can be seen at 
the output Q, the latch is transparent. If Enable is low, the last state is stored. 


Table 4: Function Table for Latch or level controlled D-Flipflop 


О 
ааа-032011 


О 
0 1 0 
1 1 1 О 
à 0 2. Figure 6.17 | Principle schematic of a 


level-controlled Latch or D-Flipflop 


Different From the principle diagram in Figure 6.17, a transparent latch can be 
designed like shown in Figure 6.18. For Latch Enable (LE) in high state the incoming 
signal D is fed to the inverter towards the output, with the left side switch in 
on-state. The switch in the Feedback loop is in off-state. IF LE is turned off, incoming 
data are disconnected by the switch at the data input which is in off-state. The 
second switch Feeds back the inverted QN signal to the input of the output 
inverter, so the current state is kept stable and stored. 
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LE 


Figure 6.18 | Transparent Latch 


The described level controlled D-flipFlop type can also be found combined to larger 
multi-bit transparent latches for usage in a wider data bus. Figure 6.19 shows an 
8-bit example with latch-enable control pin LE and an additional output enable OE 
control option with two symbol versions. 
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Figure 6.19 | Symbols for an 8 bit transparent latch 
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6.3.3 Edge triggered flipflops and registers 


More complex und high speed logic designs need to be realized as a synchronous 
digital network. In order to cope with propagation delay variation over 
temperature, process spread and supply voltage, it is necessary to have an 
edge-driven design approach. By a defined sampling of data into storage elements 
with e.g. the rising edge of a master clock, different delays in the design become 
resynchronized and the circuit can work reliable. The overall processing delay 
becomes multiples of the cycle time of the clock dependent on the number of 
edge-controlled storage elements used in series. 


6.3.4 Edge-controlled D-Flipflop 


The basic element For a synchronous design is an edge-controlled D-Flipflop. 

Figure 6.20 shows the logic diagram of such a flipflop. There are two latched run in 
series. The latch enable signal, now driven by the clock signal CP (C and CN after 
inversion and buffering), works as described in the prior section. The control for the 
second latch is inverted compared to the latch at the input. While the clock is in low 
state, the latch placed on the data input side is transparent. The second latch is in 
the storage mode and outputs the logic state of the prior clock cycle. Once the 
clock signal changes to high state, the first latch stores the latest state from the 
input and the second latch becomes transparent and outputs this logical state with 
short delay to the rising edge of the clock. 


T г ) ж 
SD | га 
е-е a 


Figure 6.20 | Logic diagram of an rising clock edge triggered D-Flipflop 


mna421 


The schematics in Figure 6.20 includes a non-synchronous, so a direct, active low 
state driven set and reset function that immediately puts the latches in the circuit 
into the required state. 


ФА 


(= 
= 
LJ 

со 
айыў 

С 

Ф 

Е 

о 

Ф 
л 
„ыў 

ы 

-2 
© 

О 

t= 
а. 
= 

o 

о 
- 
© 

(= 

со 

o 
© 

со 

с 
4 





ФА 


С 
= 
=) 

со 
«ыў 

(= 

Ф 

Е 

о 

Ф 
л 
"еј 

W 

= 
© 

О 

ы 
а. 
Е 

о 

о 
- 
© 

С 

со 

o 
© 

со 

с 
4 





пехрегіа | Design Engineer's Guide 





Figure 6.21 shows the IEC symbol of the 
described D-Flipflop with all the control 
pins, means a clock input for rising edge 
operation, a positive logic output and 
an inverted output, the D-input For the 
signal to be sampled and the low active 
set and reset pins For non-synchronous 
initialization of the flipflop. 


mna419 





Figure 6.21 | IEC symbol of an edge-triggered 
D-Flipflop 


6.3.5 JK-Flipflop 


Another variant of an edge-controlled flipflop is a so-called JK-FlipFlop. Table 5 
shows the action of the flipflop dependent on the settings of the J and K input. If 
the input J is set to 1 while К is cleared, the FlipFlop will be set with the next active 
edge of the clock. In this case it is assumed that the FlipFlop works with the rising 
edge of the clock. IFJ is cleared and K is set, the flipflop is prepared to be reset with 
the next active clock edge. IF both inputs are cleared, the FlipFlop stores the logical 
state that was present after the prior clock edge already. 


Table 5: Function table of a JK-Flipflop with action 
on rising edge of the clock 





Action Clock 
set A 1 0 1 0 
reset А 0 1 0 1 
Hold/Store A 0 0 q q 
Toggle A 1 1 q q 


As products various variants of the flip 
Flop type exist with either active 
negative edge clock operation or 
inverted J and K inputs. Figure 6.22 
shows an example with a positive 
J-Input polarity and a negative polarity 
K input. The part also supports an 
asynchronous set and reset function via 
negative polarity activated inputs. 


aaa-032012 





Figure 6.22 | Example of a symbol for a 
JK-FlipFlop 
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6.3.6 Parallel-Registers 


IF many flipflop are put in parallel a register is created. It can store not a single bit 
only but several bits, so a multi digit word. In registers the same basic flipflop types 
can be found like described in the sections above. Most of the registers sample the 
incoming data edge-triggered. Figure 6.23 shows an example of an octal D-Flipflop 
register that is triggered by the positive edge of the clock signal. The outputs are 
enabled if the input OE is at low level. 














DO D1 D2 D3 D4 D5 D6 D7 2 
е 
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р о D Q D Q D Q D Q D Q D Q D @ 
СР СР СР СР СР СР СР СР 
FF1 FF2 FF3 FF4 ЕЕ5 FF6 FF7 FF8 
СР » 
P3 55 15 
xn sr Си. Си ци би (и es 
QO Q1 Q2 Q3 Q4 (5 Q6 (ӘУ! 


Figure 6.23 | Logic diagram of an octal register, positive clock edge triggered 


In Figure 6.24 an equivalent register device based on transparent latches is 
depicted. While LE is high and the output are enabled, incoming data appear at the 
outputs. Once LE is set to low level, the latest state of the 8 bits is stored. 


001аае052 





























Figure 6.24 | Logic diagram of an octal transparent latch register controlled by LE 
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6.3.7 FIFO Registers 


FIFO stands for first in first out. A НЕО Register delivers data that has been stored 
First also as first data to the output. Simple shift registers with a single clock work 
as a simple FIFO. They generate a constant delay by a number of clocks, which is the 
length of the shift register in bits. 


More sophisticated is a flexible storage which has independent input and output 
clocks. Data stored into the FIFO appear at the output with the next output clock. A 
maximum number of data words can be stored. Such a FIFO can be used as a buffer 
if writing and reading clock is not identical. Input and output pointers need to be 
controlled correctly and it needs to be indicated whether the FIFO is empty or full. 
An application example is e.g. a CD-player where the output data have to run with 
an exact crystal clock but data read from the disc have some speed variation from 
the optical laser unit reading data From the rotating disc. The rotation speed has to 
be controlled such that the buffer FIFO compensates possible deviations of the 
rotation speed and thus can provide data to the output all the time. The buffer 
should be filled half in average, to allow a maximum safety buffer. 


6.3.8 Counters 


Ripple counter 


IF the inverted output of an edge-triggered flipflop is Fed back to the D-input, the 
output toggles with half of the clock frequency. A clock divider by the factor 2 is 
created. Figure 6.25 shows the simple approach of a toggle flipflop. The state of 
the output is changing state with every rising edge of the clock. 


CLK 











о 

(5) 

S, 
aaa-032013 
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Figure 6.25 | Toggle Flipflop Figure 6.26 | 2 Stage Ripple-Counter 
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IF the depicted stage of Figure 6.25 is put in series, a division of the clock by a 
higher factor can be realized. With N stages a division by 2 is created for the 
output of the last stage in the serial structure. Figure 6.26 shows the simple 
example of a 2-stage Ripple-Counter which divides the clock by the factor 4. The 
second flipflop gets the output signal of the first stage as clock signal. Therefore 
the propagation delay from data input to the output of each flipflop sums up for 
the delay of an output Ом according the equation: tpdn= (N + 1) * tpd 


This behavior is the reason For the name ripple counter because state changes 
ripple through the entire counter from the first FlipFlop to the last in the series 


structure. If a specific state is selected by gates connected to the outputs, this can 


lead to spikes during the settling of the Final counter condition. 


Synchronous Counter 


For an synchronous counter all flipflops change the state at the same time. Each 
FlipFlop gets the same clock signal. In Figure 6.27 an example of a 4-stage 
synchronous counter is shown. This counter supports a synchronous parallel load 
and reset operation. The counter has a special carry output supporting the 
construction of bigger counters. 
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Figure 6.27 | Logic diagram of a 4-bit synchronous counter with parallel load and reset 
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Table 6 shows how to control the counter. A low case variable in the table indicates 
that the input has to be in the logical state listed at least the set-up time before the 
next rising edge of the clock appears. If the Reset pin MR is set to low level, the 
counter is cleared with the next active clock edge. This means all Outputs aquire a 
low state, as depicted with a capitol Lin the table. The reset function has the 
highest priority and overrides all other functions. If the input PE is set to low level, 
the data applied to the Dn inputs is taken over by the flipflops with the next rising 
edge of the clock. If the counter shall count, both inputs, CP and CET need to be set 
to high level while no parallel load or reset action is initialized. For cascading of the 
counters, the Tc output is simply connected to the CET input of the next counter. IF 
counter one reaches the state 15, Tc junps to high state and with the next clock 
cycle the second counter increments its counter state by 1. 


The preset option and the reset operation can be used to modify the counter 
sequence. This means the counter can start at a higher value than zero by help of 
the parallel load or alternatively it can be reset before reaching the maximum value 
of 15. 


Table 6: Function table of the synchronous counter shown in Figure 6.27 





Operating 
Reset | А Х Х Х Х L L 
h A X X | | L L 
Parallel Load 
h A X X | h H L 
Count һ А h h h X count 
Hold h X l l X X qn L 
(do nothing) h X X X l X qn L 


Counters are used in a lot of applications. They can be used to get exact timing 
windows derived from a precise clock source, to create a digital delay or to 
generate multiple control signals like shown in Figure 6.28. The signals can have any 
waveform within the distance between 2 reset signals. This could be for example a 
horizontal timing controller for digital TV to create memory control signals. The 
output register samples the outputs from the decoding block behind the counter 
and ensures that all signal have the same delay between clock and the outputs. 
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Figure 6.28 | Application example for a Figure 6.29 | Monostable Multivibrator 


synchronous counter with attached decoding 
control network and output register 


6.3.9 Monostable Multivibrator 


Monostable multivibrators create an output pulse that is triggered with an edge of 
a digital signal. The length of the pulse is defined by a time constant realized with 
the selection of a proper resistor and capacitor combination. Many monostable 
multivibrators have a so-called retrigger function. The output pulse is extended by 
an additional window in time, so the output stays high, as adjusted via the RC 
combination restarted with every incoming trigger event. This Feature can be used 
to detect if input pulses appear within a given time. In a conventional car the supply 
For the electrical fuel pump has to be turned off if no ignition pulses are present. 
With the described logic device such a function can be realized easily. 


Figure 6.29 shows a block diagram of a monostable multivibrator which can be 
triggered either with the rising or falling edge of a digital signal like shown in 
Table 7. With nA set to high level, a rising edge at the input nB the device is 
triggered and the output switches to high level For the selected duration T 
according to the Formula below. 


Table 7: Function Table of a Monostable Multivibrator 
as depicted in Figure 6.29 
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B Big capacitors tend to change capacity over liFetime and often suffer from leakage 5 С 
D current at high temperature. This limits the accuracy of the pulse length generated $ D 
4 . . . 5 YO = 0 
о and needs to Бе taken into account if the devices shall be used for very long pulses. ) > S с 
© tem | 2). © 
о о 
Ф ne фа - —) рум Ф 
М 6.4 Where to use Synchronous Interface Logic > E " 
E T " E 
О Synchronous logic design is using a common clock signal which is provided to к= 7 5 > О 
а. edge-driven flipflops in order to achieve а fully reproducible timing between а. 
W . : 21 . W 
= processing blocks and For the MIDI design. A complex digital design has to be ps | >` mE O PERI 4 [> ҮЗ = 
= partitioned into the discrete times steps of the clock signal. IF there is For example a » 9 
"UO complex decoding stage, the output of this block needs to be ready to be safely "UO 
c А | - с 
(o taken over by a connected FlipFlop stage with the next e.g. rising edge of the clock. ШЕ е үд (o 
E D > 
© For every assumed process spread and targeted operating temperature of the © 
E: design sampling of the signals by the flipflops needs to be safe and predictable. If E: 
<í an asynchronous digital processing takes too long it can be necessary to introduce кел С [> Y5 < 
M | | | А2 Р Б : 
an additional flipflop For safe sampling of the signals. I 
егі 2 - 

ІО expansion Logic Г жа p IS 

In case of limited IO pin count of a core processor in an application, IO expansion 

Logic devices can be used to generate additional interface pins. A3 {>< Б o БЭ): BM Е E Yn 

Analog switches and Bus switches p» | ^ F 

Analog switches and Bus switches are used for IO expansion and are already ШЕ: 

described in section Analog. 

: Шо! >Y 


Decoders/Demultiplexers 


Decoders are logic devices that convert a digit al input format into another one at 

the output. As an example a BCD 4-bit input can be decoded to 10 separate Figure 6.30 | BCD to decimal 10 outputs decoder 
outputs. Exactly one output is changing state for the 10 possible input 

combinations. Figure 6.30 shows an example for such a device. Any other 

combination of 3 bits at the input to 8 outputs, or a 4 bit input towards 16 outputs 

are further examples of decoders. 


In an application the decoders can be used to select and activate a memory bank in 
an SSD application for example. 
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Digital Multiplexers 


Digital multiplexers have digital inputs like a logic gate with a Ми (max) and Viu(min) 
rating. Via selection pins an input can be chosen and the incoming data stream is 
connected to an output. This means that data from an input to an output are 
re-shaped and not simply connected through like for an analog switch. Digital 
multiplexers can have different topologies with difFerent number of inputs to be 
selected. If several multiplexers are put in parallel complete busses can be 
switched. Figure 6.31 shows an example of an 8 input to one output multiplexer. 


aaa-008237 





е MS МУ МУ УКУ 
\/ 
24 


Figure 6.31 | Digital 8-to-1 multiplexer 


Shift Registers 


IF edge-triggered D-Flipflops are put in series like depicted in Figure 6.32, a shift 
register is created. In the example there are 2 inputs to an AND-Gate that provides 
the input to the first D-Flipflop in the chain. A incoming data signal at the shift 
input DSA is taken over with the rising edge of the clock signal CP, if CPB is at logic 
high-level. The state of each FlipFlop is shifted to the next FlipFlop in the series 
structure with every clock cycle. Data sampled present at QO from FF1, appear 7 
clocks later the output Q7. The whole shifter register can be cleared via the MR 
input. 
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Figure 6.32 | Logic diagram of ап 8-Bit Shift register 


The major application area For shift registers is the serial to parallel data 
conversion. Therefore shift registers with an additional register connected to the 
outputs can be Found as a useful configuration supporting this Function. Once a 
word is shifted at the desired position in the shift register, the output register takes 
over this value. A new value is sampled after a new word is completed in the shift 
register. Figure 6.33 shows an example for such a component. SHCP is the shifting 
clock for the shift register. With the rising edge of STCP data are stored into the 
output register. 


DS 





QO 01 02 Q3 ОД О5 06 Q7 


mna555 


Figure 6.33 | Logic diagram of a shift register with output latch 


ФА 


с 
= 
Lj 

со 
ыў 

С 

Ф 

Е 

о 

Ф 
л 
E=; 

ы 

-2 
© 

О 

ы 
а. 
= 

= 

о 
- 
© 

(= 

со 

o 
© 

со 

(= 
< 





ФА 


с 
E 
ы 
ГӘ 
һы) 
с 
Ф 
Е 
о 
Ф 
л 
ы 
О 
> 
© 
о 
ы 
Q. 
= 
о 
е) 
ar 
о 
с 
(o 
о 
- 
0 
= 
< 





nexperia | Design Engineer's Guide 





Shift registers can be used For a parallel 
to serial conversion as well. This 
Function can be realized with a shift 
registers featuring a parallel load 
Function. 


Figure 6.34 shows a suitable device 
which can convert incoming 8 bit words 
into a serial data stream. The parallel 
data is stored in the input register with 
the rising edge of STCP. If the parallel 
load input PL is at low level the clock 
STCP loads the input data directly into 
the shift register. IF there is no rising 
clock edge while PL low, data stored in 
the input latch are transferred to the 
shift register. The shifting clock SHCP 
shifts data from Qn-1 to Qn and takes 
over new input data from the serial 
input DS. 


Control Logic 


The devices of the Control Logic 
segments are mainly Gates and some 
digital comparators. 


Gates 


The Gate portfolio covers simple gates 
like AND, NAND, OR, NOR, XOR, XNOR, 
some combination gates and 
configurable logic gates. The Basic gate 
functions are already well described in 
Chapter 2: Logic Basics. 


aaa-012056 


DO 


D1 


D2 


D3 8-BIT 
SHIFT 


D4 REGISTER 
D5 
D6 


D7 





PL SHCP 


Figure 6.34 | Logic diagram of a shift register 
with parallel load (74HC/HCT597 as example) 
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Figure 6.35 | Combination of AND and OR 
gate 
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Figure 6.36 | Configurable logic gate 
7T4AUP1G97 


Combination gates are two or more discrete logic gates in a single logic solution. 
The integrated gates may be internally connected to generate a specific Boolean 
Function or can remain independent. The devices include over-voltage tolerant 
input options and open-drain output options to facilitate interfacing between 
different voltage nodes. An example for a combination gate can be seen in 
Figure 6.35, the Function is 0832: 08 for the AND gate, 32 for the OR gate. 
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Configurable Logic is offering various Functions in a device, where the choice for the 
Function is dependent on the external pin configuration. It can be an advantage 
especially when components need to be qualified For usage in an application. Flexible 
usage сап be a factor of cost saving here. An example For a configurable gate is the 
74AUP1G97, which is providing multiple configurable Functions. The output state is 
determined by eight patterns of 3-bit input. The user can choose the logic functions 
МОХ, AND, ОВ, МАМО, NOR, inverter and buffer. All inputs can be connected to Vcc 
or GND. The block diagram Figure 6.36 shows the internal circuit of the 1G97. 


The possible functions that can be implemented are shown in the Following figures: 


001аае002 Vcc 


Figure 6.37a | 2-Input MUX 
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Figure 6.37c | 2-Input NAND or 2-Input OR 
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Figure 6.37e | 2-Input ОВ gate 
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Figure 6.37g | Buffer 
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Figure 6.36b | 2-1 прис AND gate 
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Figure 6.374 | 2-Input NOR or 2-Input AND gate 
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Figure 6.37f | Inverter 
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Digital comparators 


Digital comparators perform a pairwise comparison of two input words, either 4 bit » 
or 8bit. The result is a one bit output indicating equality oF the two input data 


words. This can be helpful in cases where input pins of processors are not available Ра е ка g es 


and only a simple comparison of data words is needed. 


Analog and Logic Product Segmentation 
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This chapter explains and discusses various aspects of packages for Logic IC's. The 
sections are split into Mini Logic packages with up to 10 pins and Standard Logic 
packages with more than 10 pins. 


7.1 Standard Logic Packages 


Modern applications require improved electrical and mechanical performance, 
smaller size and lower cost. 


Most of Logic IC packaging options support wider temperature ranges (-40'C to 
+125°С), and many are also offered as automotive-qualified per AEC-Q100, Grade 1 
standard. Conventional logic packages such as SO and TSSOP are used in a majority 
of designs and it can be expected that these will be supported in the future. 


In today's world, wherein ultra-compact designs can be a challenge when it comes 
to squeezing more functionality into a smaller space, leadless DHVQFN and XQFN 
packages offer smaller footprint with improved mechanical performance. Such 
leadless packages use pads instead of leads. These pads present a larger solderable 
area, creating a stronger solder interconnect with PCB. This results in a design that 
is more compact, and potentially more durable. Leadless packages perform better 
in mechanical tests like shear, pull, bend and board level thermal cycling. 


For functions with more than 10 pins, DHVQFN is recommended when transitioning 
to leadless packages. These use the same die as TSSOP with up to 7696 footprint 
reduction. 
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Table 1: Logic functions using Standard Logic package 


Control logic Asynchronous interface 


/о expansion 


Synchronous interface 


Buffers/inverters/ 
drivers 


Level shifter/ 
translator 


Printer interface 
Schmitt-triggers 
Transceivers 

Digital comparators 
Gates 


Parity generators/ 
checkers 


Analog switches 
Bus switches 


Decoders/ 
demultiplexers 


Digital multiplexer 


Shift registers 


Counters/ 
Frequency dividers 


FIFO registers 
Flip-Flops 


Latches/ 
registered drivers 


Multivibrators 





Phase locked loops 
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TSSOP-14 
TSSOP-16 
TSSOP-20 
TSSOP-24 
TSSOP-48 
TVSOP-48 
TSSOP-56 
XQFN-16 


5071174 XQFN-12 


SOT762 
SOT763 
SOT402 
SOT403 
SOT360 
SOT355 
SOT362 
SOT480 
SOT364 
SOT1161 
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SO 


Logic Functions in small outline surface mount packages 


The SO or SOIC logic portfolio 
comprises all Functions in 8-, 14-, 16-, 
20-, 24-pin packages. They are surface 
mount packages with gull-wing pins. Pin 
pitch is typically 1.27 mm. SO packages 
provide 30 to 5096 space saving 
compared to DIP solutions. Profile 
height is 7096 less than DIP solutions. 


TSSOP 


Key features & benefits 


e Surface mount 

e 1.27 mm pitch 

* Pb-free, RoHS and dark green 
compliant 

* Temperature range -40“С to 125°C 

AEC-Q100, Grade 1 qualified 

e Zero Delamination option available 


Logic functions in thin-shrink small outline surface mount packages 


The TSSOP logic portfolio comprises 
Functions in 8-, 14-, 16-, 20-, and 24-pin 
packages as well as 16-bit functions in 
48- 56-pin packages. They are surface 
mount packages with gull-wing pins. Pin 
pitch is typically 0.65 mm. TSSOP 
packages provide 35 to 6596 space 
saving compared to SO solutions. 
Profile height is 3596 less than SO 
solutions. 


DHVQFN 


Key features & benefits 


* Small Footprint 

e Surface mount 

e 0.65 mm pitch 

* Pb-free, RoHS and dark green 
compliant 

e Temperature range -40°C to 125°C 

* AEC-Q100, Grade 1 qualified 

e Zero Delamination option available 


Depopulated very-thin Quad Flat-pack No-leads 


The DHVQFN, sometimes abbreviated 
as DQFN, packages house the same 
silicon die as larger SO, SSOP and TSSOP 
packages. This ensures that along with 
the smaller Footprint identical electrical 
performance is assured. Signal integrity 
may be improved due to lower package 
parasitic inductance. Its tiny size saves 
valuable board real estate, while the 
0.5 mm pad pitch allows it to be used in 
existing 0.5 mm pitch assembly 
processes. 


The package is an ideal choice For space 
constrained applications where PCB 
space and low cost assembly is critical. 
With their larger pads the DHVQFN 
packages offer easier component 
placement as well as improved 
strength, reliability, and thermal 
characteristics. 


DHVQFN have a center pad which сап 
be either connected to ground or to 
VCC or left Floating, dependent on the 
recommendation in the data sheet. It is 
most important to pay attention that 
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this pad is not accidently connected to 
the wrong polarity, as larger pads often 
suggest they are ground pads. Leaving 
the center pad floating is generally 
recommended. 


To support automated optical 
inspection, side wettable flanks 
implemented on devices for automotive 
applications. 


XQFN 
Extremely thin quad flat package 


XQFN logic portfolio comprises of 
Functions in 12 and 16 pin packages. Its 
tiny size saves valuable board real 
estate, while the 0.4 mm pad pitch 
allows it to be used in existing 0.4 mm 
assembly processes. Furthermore ХОЕМ 
packages are extremely thin for height 
restricted applications. 


Key features & benefits 


Very small footprint 

Ease of assembly 0.5 mm lead pitch 
Leadless, no bent leads 

No co-planarity issues 

Pb-free, RoHS and dark green 
compliant 

Temperature range -40°C to 125°C 
AEC-Q100, Grade 1 qualified 

Zero Delamination 

Superior Board Level Reliability 
performance 


Side-wettable Flanks version optional 


Key features & benefits 


Very small footprint 

Ease of assembly 0.4mm lead pitch 
Leadless, no bent leads 

No co-planarity issues 

Pb-free, RoHS and dark green 
compliant 

Temperature range -40°C to 125°C 
Extremely thin (height «0.5 mm) 
AEC-Q100, Grade 1 qualified 

Zero Delamination option in 
development (Q3/20) 
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Table 2: Standard Logic packages 


ВА Ба Шыда сы нн ы са” саса eee а 
Шү 5014 TSSOP14 DQFN14 5016 Т55ОР16 DQFN16 SO20 
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РасКаде SOT108-1 SOT402-1 SOT 762-1 SOT109-1 SOT403-1 SOT763-1 SOT163-1 


Length (mm) 8.65 5.00 3.00 9.90 5.00 3.50 12.80 
Height (mm) 1.75 1:10 1.00 ЕТО 1.10 1.00 2.65 
Pitch (mm) 1.27 0.65 0.50 1.27 0.65 0.50 1.27 


Package 
suffix 





Note: The HEF4000B family uses different package suffixes than the other families. 
Package suffix D corresponds to HEF4000B package suffix T and PW to TT. 
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ЛЕ 7.2 Mini Logic Packages О 
E E 
E The Mini Logic packages house the same logic families as the larger SO, n 
zm TSSOP & DHVQFN packages. These packages allow the use of single gates rather t-NOSZX 6971105 ж 

than using one gate Dr a quad. Mini Logic packages nave 10 pins or fewer. AS well as 

reducing the complexity of board layout, Mini Logic devices are ideal glue logic to 

implement last minute Feature additions and improve time-to-market. Their small ЕЙ 2:205 

size and lower-power consumption make them ideal for portable electronic 9-МО5Х 5111105 

devices. 8-МО5Х <021105 

Mini Logic is a portfolio composed of Key features & benefits eee ылдан 

MicroPak апа PicoGate packages. | 8-NOSX €€8105 

Leaded Mini Logic packages are known dii 

“ Simplify board layout 


PicoGates. Th ilable in TSOP, | - 
рр кис Киа T * Leaded апа leadless options | 8-9055Л 599/105 dOSSA S9ZLOS 
| ' “ 0.95 тт, 0.65 тт, 0.50 тт, 0.40 гпгп, 


0.65 mm and 0.5 mm pin pitch | | 

. Е и 0.35 mm &0.30 mm pitch options 01-40551 2<<105 
respectively. Leadless Mini Logic UNE aac ака 
packages are known as MicroPak. They ' 9 8-40551 505105 


| . compliant 
are available in XSON, X2SON and 9-dOSSL  E9ELOS 
e Temperature range -40°C to 125°C 


XQFN. They have 0.5 mm, 0.4 mm, 
ios mm Е а mm pad pitch "АНИ шна ие 00 Шаш 
| ui Grade 1 qualified 

* Zero Delamination option available 


Suitable For automotive 












7.2.1 MicroPak (Extremely thin small outline no-leads) 





Mini Logic leadless MicroPak packages 






MicroPak XSON packages advance state of the art packaging. Originally designed 
For use in portable applications whose board space is limited, XSON packages allow 
For smaller, more compact and slimmer overall designs. MicroPak packages are an 
ideal choice for space constrained applications where PCB space and low cost 
automated assembly are critical. 


Counters / frequency dividers 
Latches / registered drivers 


Buffers/inverters/drivers 
Decoders /demultiplexers 





Category 

Level shifter /translator 
Schmitt-triggers 

Analog switches 

Bus switches 

Digital multiplexer 
Flip-Flops 
Multivibrators 





XSON leadless Mini Logic packages provide up to 60% space saving over traditional 
leaded Mini Logic packages that are also known as PicoGate. 


Table 3: Functions using Mini Logic package 


Control logic 
I/O expansion 
Synchronous 
interface 
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TSSOP6 XSON6 
(SOT363) (SOT1202) 


267398 


60% T 





Figure 7.1 | TSSOP6 and XSON6 comparison 


MicroPak packages are leadless Mini Logic packages which house the same silicon 
die as larger leaded PicoGate packages (refer to PicoGate section). Along with the 


smaller footprint, this ensures identical electrical perFormance. Signal integrity may 


also improve due to lower package parasitic inductance. 


MicroPak leadless Mini Logic packages are an ideal choice for space-constrained 
applications where PCB space, height and low cost assembly is critical. With their 
larger pads, MicroPak packages offer easier component placement as well as 
improved strength, reliability, and thermal characteristics over similar sized BGA 
solutions. 


MicroPak range is very broad and includes gates, analog switches, buffers/ 
inverters/drivers, bus switches, translators, Flip-Flops, decoders/demultiplexers, 
multiplexers, latches, level-shifters, and Schmitt-trigger devices. 


MicroPak solutions' tiny size saves Key features & benefits 
valuable board real estate thanks to 
0.5 mm, as well as state of the art 


0.35 mm and 0.30 mm pad pitch while 


* Very small Footprint 
0.5 mm, 0.35 mm and 0.30 mm pitch 


options 
providing a more reliable bond between . S. оао, 
device апа РСВ. X2SON solutions are д 9 | 
l | | 0.35 mm) 
available with 20.4 mm pad pitch, for 
* Leadless 


convenient mass production without a 
step-down mask. 


No co-planarity issues 

Pb-free, RoHS and dark green 
MicroPak packages include 4-pin compliant 

X2SON, 5-pin X2SON, 6-pin XSON and Temperature range -40%С to 125*C 
X2SON, 8-pin XSON and X2SON, as well AEC-Q100, Grade 1 options available 
as 10-pin XQFN variant. Zero delamination versions available 


Table 4: Overview of current MiroPak packages 


Package 
suffix 





Package SOT1115 


Width (mm) 1.00 


Pitch (mm) 20.4 20.4 20.4 0.30 


Package 
suffix 





Pitch (mm) 0.35 0.50 20.4 0.30 


НЕ ыыы ыы Кс 
Е XSON8 XSON8 XQFN10 Е- Д 






РасКаде SOT1160-1 
Win 


Length (mm) 
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MicroPak X2SON packages 


The smallest logic leadless packages 

First X2SON (GX) 5 pin package was introduced in 2012 to provide the smallest 
Footprint for logic Functions while ensuring pad pitch remains 0.4 mm or over, 
making step-down masks unnecessary. X2SON (GX) packages feature 4, 5, 6 or 

8 pins and are available in low-power AUP, AXP, LV &LVC technology families, 
covering over one hundred logic functions. In 2018, Х25ОМА was introduced; this 
4-pin package option further reduces footprint by 4496 compared to the 5-pin 
X2SON5. 


X2SON5 X2SON4 
(SOT1226) (SOT1269) 


44% 


0.8 mm ; Size reduction 











Figure 7.2 | Comparison of X2SON5 and X2SONA package 


X2SON packages are MicroPak packages Key features & benefits 
also known under package suffix GX For 
Х25ОҺ8, X2SON6 and X2SON5 or GX4 
For X2SON4. X2SON packages’ tininess 
saves valuable board real estate and 
supports the miniaturization trend (see 
also next section regarding solder 
stencil thicknesses). Single, dual and 
triple gates are available as well as 
translators. 


e Very small Footprint (up to -36% vs. 
GF &-25% vs. GN packages) 

* High contact area-to-chip ratio and 
enhanced durability 

* RoHS&dark-green compliant with 

NiPdAu Leadframe Finish 

Low profile height (0.35 mm) and low 

width (0.8 mm) 

* Lower PCB costs, easier placement 
and miniaturization 

* Zero Delamination 
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Table 5: Micropak X2SON (GX) package details 


РасКаде 


Package version 





name 


X2SON4 SOT1269 0.6 0.32 > 0.4 СХА 


X2SON5 SOT1226 


0.35 > 0.4 СХ 


Х25ОМ6 SOTT255-2 


0.35 > 0.4 СХ 


Х25ОМ8 SOTTZ233-Z 0.35 > 0.4 СХ 





Trade-off: Lead pitch vs DFM incl Mask/Stencil Design 

The X2SONx packages are certainly very compact, with a height of only 0.35 mm. 
But the most important feature is the novel placement of the contacts — by 
utilizing the space at the corners of the package, and for some versions, including 
one or even 2 terminals in the center of the part, Nexperia developed packages 
that provides an extremely small Form Factor while maintaining a pitch greater than 
0.4 mm for ALL of these X2SONx versions. 


To understand the full significance of this innovative design, we need to consider 
some details related to PCB assembly procedures. 


Design for Manufacturability (DFM) is a critical Factor in the success of high-volume 
products. At the same time, consumers expect ongoing miniaturization, especially 
with portable and wearable devices such as mobile phones, smart tablets, and 
biometric sensors. A conflict arises when package miniaturization requires a pin- or 
land pitch that is smaller than 0.4 mm, because this is the approximate threshold at 
which standard manufacturing practices can become expensive and unreliable. 
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When a component's pitch is less than 0.4 mm, the board-assembly process may 
need to be modified to ensure that reflow soldering does not result in shorts 
between pins. First, Fine-pitch components are more likely to require costly Type 4 
solder paste, rather than the standard Type 3. Type 4 paste, which has higher 
viscosity and smaller particle size, is more effective with small stencil apertures. 


Solder paste 


7А 


Mask/stencil 


/ 





Lands/traces 


Figure 7.3 | Step down Mask technology 





Figure 7.4 | Step down Masks on a PCB 
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Second, the thickness of the solder stencil must be reduced. Reducing the stencil 
thickness leads to a corresponding reduction in the amount of solder deposited on 
the pad, and this smaller quantity of solder is less likely to Form a bridge between 
adjacent pads. In order to ensure adequate mechanical strength and accommodate 
smaller or tighter pitch components, the assembly process for these components 
with very Fine-pitch will employ a so-called “step-down” stencil or mask. 


Such stencils are, of course, more complex to manufacture and therefore more 
expensive; they are also more fragile and may need to be replaced more 
frequently. In addition to the increased cost, the need for a step-down stencil 
imposes irksome restrictions on component placement— the smaller-pitch 
components must be located in PCB areas that correspond to the thinner sections 
of the stencil. 


Saving space, reducing cost 

We can see from the previous discussion that Х25ОМх devices represent a 
milestone in IC packaging technology: same functionality, less board space, 
improved manufacturability. We achieved a significant reduction of Footprint 
compared to GN or GF packages, while the pitch has increased to » 0.4 mm, enough 
to eliminate the DFM issues. 


7.2.2 PicoGate (Single, dual or triple gate functions in small packages) 


Single, dual or triple gate functions in small footprint packages 

PicoGate portfolio comprises single-, dual-, and triple-gate functions in small 5-, 6-, 
8- or 10-pin leaded packages. Compared to traditional quad-gate solutions, 
PicoGate allows you to select just the number of functions you need. These leaded 
Mini Logic packages easily allow the creation of intricate line layout patterns while 
saving up to 8596 board space. 


PicoGates are available in technology families AXP, AUP, AVC, LVC, AHC(T), HC(T), 
LV1T and CBTLV(D). PicoGate packages house the same logic functions as the larger 
SO, TSSOP & DHVQFN packages, but in single gates rather than using one gate of a 
quad. With the extensive portfolio of solutions, board space and lower-power 
consumption can be achieved. 


These products are all Pb-free, RoHS and dark green compliant, and designed for 
use at ambient temperatures between -40°C and 125°C. Automotive variants that 
meet the AEC-Q100, grade 1 standard are available For a range or PicoGate 
solutions. PicoGate packages have a pitch of 0.95 mm, 0.65 mm, ог 0.5 mm. 
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Nexperia's PicoGate portfolio is the Key features & benefits 
industry's broadest and includes gates, 
level- shifters/translators, analog 
switches, buffers/inverters/drivers, bus 
switches, decoders/demultiplexers, 
Flip-Flops, multiplexers, latches and 
Schmitt-Trigger devices. PicoGate 
solutions are available in eight 
technology Families. 


* Small Footprint 

e Simplify board layout 

• 0.95 mm, 0.65mm &0.50 mm pitch 
options 

* Pb-free, RoHS and dark green 
compliant 

e Temperature range -40°C to 125°C 

* AEC-Q100, Grade 1 qualified 


1.6 to 5.5 
4.6 
+8 
10 
-40 to +125 
ө 
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2.3 to 3.6 
0.15 
М/А 
10 

-40 to +125 
e 


Our PicoGate package range includes 
TSOP, TSSOP and VSSOP leaded 
packages (5 to 10 pins). 


4.5 to 5.5 
0.15 
N/A 

3 
- 40 to +85 
ө 


АХР CBT(D) CBTLV 


0.7 to 2.75 
2.9 
4.5 


2 to 5.5 0.8 to 3.6 1.2 to 3.6 
Б 3.4 Sub 
+8 1 8 
40 0.9 12 
-40 to +125 | -40to +125 | -40 to +125 | -40to 485 
ө ө @ 


2 to 6.0 
9 
+8 
80 
-40 to +125 
ө 
e 
e 
e 
e 
e 
e 


нот | ант | ғ | АС 


Table 6: Picogate portfolio Parametrics and features 





Supply voltage (V) 
Propagation delay, typ (ns) 
Output drive (mA) 
Standby current (uA) 
Temperature range (°С) 
Automotive option 
Over-voltage tolerant input 
Schmitt-trigger inputs 
Low-threshold inputs 
Input clamp diodes 
Power-off leakage (loff) 
Source termination 
Open-drain outputs 
Low-delay isolation 


TTL inputs 
Bus hold 
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Table 7: PicoGate package range includes TSOP, TSSOP and 7.2.3 Leads (PicoGate) or no leads (MicroPak)? 
VSSOP leaded packages (5 to 10 pins 
P ges ( pins) Тһе Х25ОМх, like various other Nexperia logic packages, is leadless—that is, it 
e connects to the PCB through metal pads or "lands" instead of protruding leads. 
re There are a number of benefits associated with leadless packages. These are not 
comparable leaded packages; the pads present a larger contact area and 


thus allow for a stronger bond. Nexperia has abundant empirical data that 


Package SOT353-1 SOT363 SOT457 confirms the reliability of leadless packages such as the X2SONn. 
Width (mm) 1:2 • The connection pads for X2SON апа other leadless devices аге flat metal 
2.1 2.9 2.1 


29 surfaces оп the bottom of the package; this eliminates assembly 
difficulties that can occur when the pins of a leaded package are either 
0.95 1 bent ог do not exhibit sufficient coplanarity. 
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specific to X2SONn devices, but it's important to recognize that these package 
offers not only the DFM improvements discussed already but also the following 
advantages over leaded devices: 





e | eadless packages are actually more mechanically robust than 





-z 


Length (mm) 
Height (mm) 0.95 


Pitch (mm) 0.65 0.95 


d 
о 
Un 


0.95 


Reflow soldering automatically corrects For small errors in component 
placement or orientation because the surface tension of molten solder 

бо» naturally favors good alignment between a component and its 

corresponding PCB pads. However, this effect is more pronounced with 


leadless packages because they are smaller and lighter than comparable 
leaded packages. 


DC 


Package 


suffix 





TSSOP8 VSSOP8 


Even electrical performance can improve when moving From leaded to 
leadless devices: leadless packages offer lower parasitic inductance and 
thus enhanced signal integrity For high-speed applications. 





E j 
. UJ UJ 
re 


Package 5ОТ505-2 SOT/65-1 50T552-1 Contact area vs. chip area: the key to mechanical strength 
Width (mm) 23 33 As mentioned in the previous section, leadless packages offer superior durability 
compared to leaded packages. The primary reason For this is quite simple: solder 
Length (mm) 3.3 provides the mechanical connection between a device and the PCB, and packages 
Height (mm) 14 that have a higher ratio of contact area to package area will have more solder 
relative to the size of the package/IC. 
Pitch (mm) 0.65 0.50 0.50 


Leadless packages have far higher contact-area-to-chip-area ratio than the leaded 
parts. Furthermore, testing conducted by Nexperia has confirmed that leadless 
components can surpass leaded components in their ability to withstand both pull 
Force and shear force. 
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Figure 7.5 | Pull and Shear forces on a package 


X2SONn devices are leadless and thus share in this enhanced durability. However, 
the unique geometry of the GX package with center pad(s) create an even higher 
contact-area-to-package-area ratio. This means that the X2SONn Family of packages 
may be not only the world’s smallest but also the world’s strongest logic package. 


Conclusion X2SON (GX, GX4) 

Space-constrained applications have benefited immensely from the high levels of 
integration offered by microcontrollers, FPGAs, and sophisticated ASICs. 
Nonetheless, discrete logic is and will continue to be an important factor in 
enabling designers to produce low-cost, high-performance devices that satisfy the 
market's expectations for increasing portability and continuous innovation. 
Nexperia is committed to supplying the logic devices that engineers need, and the 
X2SONn packages — truly a breakthrough in IC packaging technology — are a prime 
manifestation of this commitment. 


7.3 Package soldering aspects 


Introduction 


PicoGate and MicroPak packages are approximately ten to fifteen times smaller 
than conventional SO14 packages, providing significant miniaturization in space- 
constrained applications. They are available in a wide range of logic Functions with a 
wide range of choices and deliver the right levels of perFormance. 


PicoGate and MicroPak devices include single-, dual-, and triple-gate functions and 
are housed in 4-, 5-, 6-, 8- and 10-pin packages with selectable Functions. To support 
the widest range of applications, every product in the portfolio is specified for high- 
temperature operation (- 40°C to +125°C). Since they perform the most popular 
Functions and either meet or exceed competitive specifications, they eliminate 
single-source problems. 


Picogate vs MicroPak and soldering restrictions 

Picogate, or leaded SMD devices, can be soldered on PCB by 2 different solder 
processes called reflow process or wave soldering. The wave soldering can only be 
applied to leaded packages without exposed pads and lead pitches 20.65 mm. 
Leadless packages (MicroPak and also Standard Logic DHVQFN) can only be 
reFlowed, rather than attached on board with a wave soldering process, as the 
pitch of the leads is smaller or equal to 0.5 mm. On top of this, any package with 
exposed pads, require stencil printing (reflow process). 


The following note describes the mounting methods for MicroPak packages, hence 
using the reflow process. 


MicroPak overview 


Driven by applications with a very small circuit board mounting area, the MicroPak 
Logic family offers the most popular logic Functions for space-constrained systems 
such as cellular phones and other portable consumer products. They can also be 
used as simple glue/repair logic to implement last minute design changes or to 
eliminate dependence on intricate line layout patterns and to simplify routing. 


The MicroPak package is a plastic encapsulated package with a copper lead frame 
base. The package has no leads or bumps but peripheral land terminals at the 
bottom of the package. The terminals are soldered to solder lands on the Printed- 
Circuit Board (PCB), after solder paste is deposited. 
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MicroPak soldering information 


Solder paste 

Currently most of the solder pastes to be used for Nexperia's components is 
lead-free (Pb-free) or called SAC. Recommended is a ‘no-clean’-type as due to the 
small stand-off height of the MicroPak, proper cleaning underneath the package is 
not possible. 


Although low Pb-based solders (Pb «36-3896, like Sn63Pb37) are still in use, it is 
advised to use Pb-free solder paste, as this is required by i.e. European legislation 
since July 2006. 


A wide variety of Pb-free solder pastes is available, containing combinations of tin, 
copper, antimony, silver, bismuth, indium, and other elements. The different types 
of Pb-free solder pastes have a wide range of melting temperatures. Solders with a 
high melting point may be more suitable for the automotive industry, whereas 
solders with a low melting point can be used for soldering consumer IC packages. 


The most common substitute for SnPb solder, is Pb-free paste SAC, which is a 
combination of tin (Sn), silver (Ag), and copper (Cu). These three elements are 
usually in the range of 196 to 496 of Ag and 096 to 196 of Cu, which is near eutectic. 
Well-known types are SAC105, 305 and 405, with 1,3 and 496 of Ag and 0.596 Cu 
resp. SAC typically has a melting temperature of around 217“С, and requires a 
reflow temperature of more than 235'C. 


Below, the most wide-spread Pb-free solder pastes are shown: 


Typical Pb-free solder 





Solder type Composition 
SAC 105 paste 98.596 Sn, 196 Ag, 0.596 Cu 
SAC 305 paste 96.596 Sn, 396 Ag, 0.596 Cu 
SAC 405 paste 95.596 Sn, 496 Ag, 0.596 Cu 


A no-clean solder paste does not require cleaning after reflow soldering. IF a 
no-clean paste is used, flux residues may be visible on the board after reflow. For 
more information on the solder paste, please contact your solder paste supplier. 
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Moisture sensitivity level and storage 

The MicroPak components have a very good package moisture resistance. The 
Moisture Sensitivity Level (MSL) according to JEDEC J-STD-020D is MSL1, i.e. 
unlimited floor life under the condition of <30°C/85%RH or in other words it is 
classified as not being moisture sensitive and thus does not require dry pack. 


Stencil 

The table below gives a first guideline regarding recommended electroformed 
stencil thickness for MicroPak packages with a terminal pitch of greater than or 
equal to 0.5 mm, between 0.4 mm to 0.5 mm and less than or equal to 0.4 mm. Side 
wall roughness of the apertures should be smooth to improve the solder paste 
release. 


Typical stencil thicknesses 


Package terminal pitch Stencil thicknesses 





>0.5mm 150um 
0.4mm to 0.5mm (OC um or 125 um 
«0.4mm 80 um or 100 um 


MicroPak placement 

The required placement accuracy of a package depends on a variety of Factors, such 
as package size and the terminal pitch, but also the package type itself. During 
reFlow, when the solder is molten, a package that has not been placed perfectly 
may center itself on the pads: this is referred to as self-alignment. The table below 
gives typical placement tolerances as a function of the package terminal pitch. 


Typical placement accuracies 


Package terminal pitch Placement tolerance 





>0.65mm 50um 


<0.65mm 100 рт 
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A Reflow soldering Table 8: temperature profile for moisture sensitivity characterization ЕН 
үш, Тһе most important step in reflow soldering is the reflow itself, when the solder А 
> paste deposits melt and solder joints are Formed. This is achieved by passing the Profile Feature SnPn es АЊА ~ 
a boards through an oven and exposing them to a temperature profile that varies in Бо шо алына a 
time. A temperature profile essentially consists of three phases: Average ramp-up rate (Tsmax to Tp) 3°C/s maximum 3°C/s maximum 
1. Preheat: the board is warmed up to a temperature that is lower than the melting Preheat Temperature Ace ов 
point of the solder alloy. Subsequently to the preheat phase and still prior to the minimum (Tsmin) 
next phase of reflow, the soaking stage takes place with the purpose of 7 
| MP emperature B А 
evaporation of solvents and activation of the flux. aset mum eme 150°C 200°C 
2. Reflow: the board is heated to a peak temperature that is well above the melting Thane 
{ 605 Ео 1205 605 Ко 1205 
point of the solder, but below the temperature at which the components апа (tsmin to tsmax) 
board's Organic Solderability Preservative (OSP) finish are damaged MS 
Time maintained — Temprature (TL) 183%С 217 С 
3. Cooling down: the board is cooled down rapidly, so that soldered joints freeze above 
Time (tL) 60sto 150s 60sto 1505 
before the board exits the oven 
The peak temperature during reflow has an upper and a lower limit: Pakete keon den strae uo EE duis 
* Lower limit of peak temperature; the minimum peak temperature must Ашы ара rellene RING СЕ 3 а 
be at least high enough for the solder to make reliable solder joints; this is Time with 5°C of actual peak 
за 105 to 305 205 to 405 
determined by solder paste characteristics; contact your paste supplier temperature (tp) 





For details Ramp-down rate 6*C/s maximum 6*C/s maximum 


au e ио Time 25°C to peak temprature 6 minutes maximum 8 minutes maximum 


-the maximum temperature the component can withstand according to the 
specification 

- Ehe temperature at which the board or the components on the board are 
damaged (contact your board supplier for details) temperature 


aaa-027797 


"Tr 





The below temperature profile For moisture sensitivity characterization is based on 
the IPC/JEDEC joint industry standard: J-STD-020D. The shown data is for devices 
with a package thickness < 2.5 mm and a package volume «350 тт. The 
temperature profile curves for a reflow process are shown in Figure 7.6. The inner Ut 
curve is for Fast soldering, the outer curve for slow soldering. 


critical zone 


ramp-down 







ts 
preheat 


to5»c to peak 


Figure 7.6 | Temperature profile of a reflow process for ап XSON6 package 
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Every package has its own solder land information, also called reflow soldering 


Footprint. This is normally illustrated as part of the outline-drawing available on the 


Nexperia Website. As an example the X2SON6 (SOT1255-2) is shown in Figure 7.7. 
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Figure 7.7 | Solder land information for an XSON6 package 
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7.4 Thermal resistance of packages 


Logic components normally do not require or produce a lot of electrical or thermal 
power, however it may still be good to understand the impact of thermal resistance 
of the packages in the final application. Most of the times, the Printed Circuit Board 
(PCB) acts as heat sink For our Surface Mounted Devices, while this exposed pad (or 
heatsink) of the package (chip carrier to leadframe), if applicable, is directly 
soldered to the PCB. The thermal resistance of these packages between the chip or 
die and the heat sink of the package is called Reng- (thermal resistance junction-to- 
case) and is measured in [K/W]. An explanation how this is measured is given in the 
next section. 


For ease of use we will First explain the static properties of the thermal path from 
junction (chip or die) to PCB in its application. The internal structure of a package 
(simplified) consist of a die on a leadframe which is connected to the outside world 
via a solder layer on the PCB (see Figure 7.8). 


I Die adhesive 
ec у 
| 


Leadframe Solder 






PCB and/or Heatsink 


Figure 7.8 | Simplified structure of a package 


This static equivalent circuit (without e.g. wirebonds) Follows in analogy the 
electrical scheme below: 


The power dissipation From the die Pp is symbolized by a current source, whereas 
all thermal resistances (Reh) are symbolized by ohmic resistors. Seen from the 
sketch above, the main thermal resistors are placed in sequence, with the mold 
compound in parallel, covering the whole structure or package. This parallel path 
can be neglected for most of the cases, especially having low power as valid for 
Logic packages. 


The ambient temperature Ta is represented іп the scheme below as a voltage 
source. With the thermal layout sketched in Figure 7.9, one can clearly distinguish 
between the case and the ambient impact on the performance. 
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The majority of the heat generated in the junction is conveyed to the case by 
conduction rather than convection. A measure of the effectiveness of heat 
conduction is the above described thermal resistance junction-to-case, Вино, the 
value which is governed by the package construction of the device. Any heat 
transfer from the case to the surrounding air involves radiation, convection and 
conduction. The effectiveness of this external transfer is defined by a Rth(application) 
(thermal resistance case-to ambient or application dependent value). The total 
thermal resistance between junction-to-ambient is consequently 


F'tn(j-a) = Rtn(j—c) al Fth(application) 


Die Leadframe Solder PCB 
adhesive (Heatsink) 


Rth (j-9 





----у--------” 


Rth (га) 


Figure 7.9 | Thermal Resistances from Junction to Ambient 


The total package thermal resistance junction-to-ambient is thus application 
dependent, hence PCB and package connection to the board (the solder thereof) is 
of importance. The latter impact (ambient conditions) is often not known to the 
package provider. Whenever we, as Nexperia, calculate the Rr.) (thermal 
resistance junction-to-ambient) we have to make assumptions with a certain known 
PCB configuration, in our case often a PCB (1) stated by JEDEC with a 4 layer 
configuration and dimension of 100 x 100 mm, (2) heat transfer path top/ 

bottom = 15 (W/m?*K) and (3) No plated through vias. 
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Тһе total maximum power, Ppmax of a semiconductor device сап be expressed as 


Follows 
P m Т тах - Та = Timax- Та 
Dmax " m; ^ Roa; дар Tu 
th(j—a) th(j—c) th(application) 
where 


Tjmax is the maximum junction temperature and Ta is the highest ambient 
temperature likely to be reached under the most unfavorable conditions. The 
Function Рртах =f (Ta) or 


- Та Т тах 


р E 
Uum Тра тысы 


reveals a descending straight line of gradient: 


_1 
Rth(j-a) 


with its zero at Tjmax. 
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Derating factor 


It should be noted that in the data sheets of the products from Nexperia the total 
power dissipation is given as a function of the package (case) temperature Tc, 
because the application-specific thermal resistances are not known to us. This 
Function, like the previous one, is a descending straight line. The slope now has the 
value 1/К(ені-с). The zero remains at Tjmax, i.e. 150°C. The slope of this straight line is 
called derating Factor and is measured in [mWw/K]. The total power dissipation Ppmax 
or Proc remains constant until a certain Tc, at which the power derates linearly down 
to the Tjmax @ 150°C. In the example below a Package is determined by a derating 
of 7.8 mW/K starting at a case temperature Tc of 118°C. 


The limiting case temperature Tc is defined by the die-junction temperature Tjmax 
subtracted by the multiplication of the thermal resistance Виц-о and the total 
power dissipation Ppmax, whereas the derating factor is defined by the total power 
divided by the temperature difference between the die-junction temperature Tjmax 
and the "limiting" case temperature Tc defined above. 


Permissible Power Disspiation Ре as F(Tcase) 


Prot (mW) 


“Derating Factor” 
(7.8 mw/K] 





0 20 40 60 80 100 120 140 160 
Tease (°C) 


Figure 7.10 | Example of a package with a derating Factor of 7.8 mW/K starting at 118°C 
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7.5 Thermal characterization of packages — 
Explanation and possible setup 


All our Logic packages exhibit or consume only low thermal power, but in case of 
necessity for certain applications we would like to explain a bit more on thermal 
measurements incl some background on it. Generally speaking, only a fraction of 
the thermal power is exhibiting at the top side, but for completeness reasons we 
explain how to measure this and where it is used For: 


Junction-to-Package Чһ(;-сор) 


This parameter provides a correlation between chip temperature and temperature 
of package at the top side. It is used to estimate chip temperature in certain 
applications and is not to be confounded with the thermal resistance Rthj-c)! 


Set-up: 

The package must be mounted оп а standard board (e.g. FR4 PCB with JEDEC 
defined 4 layers) with a thermocouple on top of its package. When driving this 
package in a standard test environment (e.g. a wind tunnel) one has to apply a 
KNOWN amount of power to the die while the temperature of the chip (Т; or 
Tjunction) and the temperature of the top of the package (Ttop) (via the 
thermocouple) will be measured. 


Calculations: 


?'th(j-top) Е Роугет 


Again: It has to be mentioned that this Wthij-top) is not a thermal resistance and it is 
only used to estimate the junction temperature From a measurement of top of 
package in actual applications 
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Thermocouple 


Mold compound 





PCB and/or Heatsink 


Figure 7.11 | Measurement of case temperature 











Thermal Resistance Junction-to-Case Rth(j-c) 


This parameter is of much higher interest and importance as this is a better 
reflectance of real applications in the Field, including the use of external heat sinks. 
It represents the thermal resistance between the chip-junction temperature and 
the case temperature of the package in "real life", including possible external heat 
sinks on the package. Contribution factors, like the die, the die attach material 
(adhesive or solder) and leadframe, have been discussed in the former section. 


Set-up to measure: 

The package has to be mounted on a standard board (e.g. FR4 PCB with JEDEC 
defined 4 layers) or socket while the package must be in "perfect" physical 
(Ehermal) contact with a temperature stabilized plate (preferably water-cooled). 
Any air flow around the package has to be minimized to ensure that the whole heat 
Flux From the package exhibits to the cold plate rather than redirected by 
convection and evaporation. Also here a KNOWN amount of power has to be 
applied to the die while the temperature of the chip (T; or Tjunction) and the 
temperature of the case of the package (Тс or Tease) will be measured. The Tease is 
different with respect to the Trop as it represents the temperature of the package 
(case) at the position where the package is connected to the heatsink, assuming 
that the majority of the heat flow is directed towards either top or bottom only 
(depending on application and design), hence no significant portion of radiation or 
side wall conduction exist. Therefore, the use of thermal grease or thermal pads 
between the package and the PCB, and or external heat sink, is highly 
recommended, but only in case of necessity. 
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Calculations: 


Кеһ(-с) - Power 


A low thermal resistance Rthj-c) indicates that the heat flux from the die to the 
heatsink is high, hence a high absorption of the heat (Ehermal power) can be 
guaranteed. A possible setup for Rihi- measurement is sketched below: 


Watercooling 
Outlet 





Inlet 


Thermocouple External 


Heatsink 


Thermal 


a grease 


Plunger 





Figure 7.12 | Measurement of case temperature underneath a heat sink 
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Chapter 8 
Automotive Quality 


Раскаде5 


Heatsink 
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Figure 7.13 | External Heatsink оп а package 


For high power applications, which is unlikely For Logic IC designs, an external 
heatsink should be attached to the package to improve the thermal performance 
of the application specific part of the resistance junction-to-ambient Виа). See 
sketch below. 


156 








СО 


> 
= 
г: 
- 
еј 
9 
2 
т) 
О 
Е 
б 
LJ 
= 
< 





пехрегіа | Design Engineer's Guide 





The operating environment of automobile semiconductor components is much 
more hostile than that of semiconductors used in the home or portable 
applications. For instance, A television set will generally spend its operating lifetime 
within an ambient temperature range of 0°C to 40°C. Due to internal heating, its 
semiconductor devices can be expected to operate between 20°С and 60°С. By 
comparison, an automobile is likely to start at temperatures lower than -20*C and, 
in some cases, operate within the engine compartment at temperatures 
approaching 150°С. 


To ensure the reliability of automotive electronics, the Automotive Electronics 
Council introduced its AEC-Q100 standard, which outlines procedures to be 
Followed to ensure integrated circuits meet the quality and reliability levels 
required by automotive applications. Due to a long history in automotive Nexperia's 
automotive (-Q100) portfolio meets all requirements and exceed some. 


Benefits of an automotive portfolio 


AEC-Q100 product qualification and reliability monitoring 

Operating at elevated temperatures reduces the lifetime of a semiconductor and 
temperature cycling has a negative impact on the stability of a package. In cases 
where there is no history of a product's reliability within automotive applications, a 
series of stresses to simulate the life cycle within an automotive environment must 
be applied to guarantee conformance to the AEC-Q100 standard. 


To ensure continued reliability, Nexperia logic maintains an extensive reliability 
monitoring program that often exceeds the AEC requirement; the results of which 
are published half-yearly. These QSUM reports are available upon request via your 
Nexperia sales representative. 


Phase out 





Figure 8.1 | Product life cycle 
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Tightened manufacturing process controls 

Q100 devices are manufactured іп 1516949 certified and VDA approved production 
Facilities; they are flagged as automotive lots to ensure they receive highest priority 
and to facilitate traceability For improved quality analysis. Moreover, they are 
subjected to additional process flow quality gates and stricter rules For lot dis- 
positioning and maverick lot handling ensures any outlier lots, which are lots that 
although they pass a quality gate are not within an acceptable distribution, are 
assigned to standard, non-automotive, types. 


Six Sigma design, zero-defect test and inspection methodology 

Six sigma design philosophy is applied to all Q100 devices. This ensures that an 
end-user application designed to the datasheet limits can tolerate a shift as high as 
one and a half sigma in Nexperia's manufacturing processes. As the process control 
limits are much tighter than one and a half sigma, this virtually guarantees trouble- 
free end-user applications. During the electrical test process, average test limits or 
statistical test limits are applied to screen outliers within automotive lots. 

Figure 8.2 shows the distribution of devices passing a test and the calculated 
statistical test limits in yellow. Although the outliers are within the upper and lower 
specification limits, they are not delivered as Q100 products. 
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Figure 8.2 | Application of statistical test limits 
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Dedicated website and datasheets 

A summary of Nexperia logic's Q100 portfolio including a search by function and a 
parametric search within each Function can be found at www.nexperia.com/ 
products/automotive/logic, and unlike the standard types, each Q100 device has a 
dedicated datasheet confirming that it has been qualified in accordance with 
AEC-Q100 and is suitable for automotive applications. 


Priority technical support 

Nexperia's first and second tier technical support teams give Q100 product 
design-in assistance their highest priority, and upon request, AEC-Q100 production 
part approval process (PPAP) qualification data will be made available. Due to the 
stricter qualification requirements of automotive end-user applications, a 180-day 
process change notification (PCN) approval cycle is applied for Q100 products 
instead of the 90 day PCN approval cycle For standard types. In the unlikely event of 
a quality issue, Nexperia logic guarantees a 10 day through put time with initial 
verification within 24 hours for its Q100 portfolio. 
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Nexperia offers a wide range of Logic process families. The overview of all Families 
with properties and features is given in the following tables. In the following 
chapters, the most important focus process families are described in more detail. 
The structure for each chapter is: 


Structure of the Logic process family chapters 


* Construction: brief description of process properties like gate length, 
input capacity and other properties that devices of this family have in 
common 


* Input Output structure: some information specific to the interface 
structure such as voltages and features 


* Input Output figures: Simulation figures For I/V curves are shown here. 
Very useful For analysis of interface behaviour. 


* Operating conditions: the specified properties from the data sheets are 
listed in tables, such as limited and recommended conditions, static and 
dynamic characteristics. Generally valid for devices of the respective 
process family 


* Power calculation: a Formula is given here, as well as in the data sheets 


* Special Features: some families have special Feature, i.e. Bus hold on 
inputs. These are described here. 


Overview of the Nexperia's Logic process family portfolio: 
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High voltage families 


Table 1 


HEF 
3to 15 


Supply voltage (V) 


610551 1.6to 5.5 | 4.50055 


2 to 5.5 


2 КО 5.5 4.5 to 5.5 2 to 6.0 


4.5 to 5.5 


Т 
+24 


90 3,4 | 


0,25 
М/А 


Propagation delay, typ (ns) 


Output drive(mA) 


+100 


-0,5 


10 10 200 


-40 to 


20 
-40 to 
+125 


600 


-40 to 
+85 


80 
-40 to 
+125 


40 


500 
-40 to 
+85 


Standby current (uA) 


-40 to -40 to 
+125 +125 


+125 


-40 to 
+85 


-40 to 
+125 


Temprature range (°С) 


Automotive option 





К°) 
© 
uc 
n 
с. 
о 
а. 


Standard Logic 


Mini Logic 


* 
e 


Over-voltage tolerant inputs 


Schmitt-trigger inputs 


Low-threshold inputs 


TTL inputs 


Input clamp diodes 


Power-off leakage (loff) 


Open-drain outputs 


Low-delay isolation 


* 4049 & 4050 functions only 
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z Ж "i | © 
эр - EN — Introduction to family / General description x 
i= са О T om 
o ош X = ote e e ө e eee Тһе ТАНС/НСТ/НСО high-speed Si-gate CMOS logic family combines the low power 5 
+ 
= Е | advantages of the HEF4000B family with the high speed and drive capability of low 
ко power 5сһо Ку CMOS. The family has the same pin-out as older 74 series апа 
© M E ч a А Ш.Б 2 provides the same circuit functions. 
са т 
N The basic family of buffered devices, designated as 74HC, operate at CMOS input 
= 5 logic levels for high noise immunity, negligible typical quiescent supply and input 
із іп 
© = = © о ~ 8 ө ө ө e current. It is operated from a power supply of 2 to 6 V. 
м p + 
di EM — A subset of the family, designated as 74HCT with the same features and Functions 
Не и EF as the "HC-types", will operate at standard TTL power supply voltage (54 + 10%) 
5 ES — E37 7? ы ы ы м and logic input levels (0.8 to 2.0 V) for use as pin-to-pin compatible CMOS 
N | replacements to reduce power consumption without loss of speed. These types are 
ES В also suitable For converted switching From TTL to CMOS. 
s ВЕ: s 
з ТЕ Ş = ? "uu" ый 8 Another subset, the 74HCU, consists of single-stage unbuffered CMOS compatible 
~ 
© devices for application іп ВС or crystal-controlled oscillators and other types of 
- Е Feedback circuits which operate іп the linear mode. 
© ИСО © о ө ө ө e e ө 
^ | Construction 
S o The HC/HCT/HCU family devices are built in a the 5V CMOS technology with a gate 
з с fee с 
от m с = ө ө e © ө ө ө length of 1.2 micron. Тһе process technology is Pb-Free, RoHS and Dark Green 
СО 
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Input Output structures 


Мес Мес 
source 
Rp- channel 
p-channel 


ate drain 
input 5 output mi чена NC output 


n-channel 


Rp- channel 


Source 
GND 


(a) (b) 


aaa-032015 





Figure 9.1 | Input structure of HC(T) family devices 


The input structure of the HC/HCT/HCU logic family provides ESD protection and 


low capacitive coupling 


Latch-up protected inputs: 

Latch-up is the creation of a low- 
impedance path between the power 
supply rails caused by the triggering of 
parasitic bipolar structures (SCRs) by 
input, output or supply over-voltages. 
These overvoltages induce currents that 
can exceed maximum device ratings. 
When the low-impedance path remains 
after removal of the triggering voltage, 
the device is said to have latch-up. 


Overvoltage protected inputs: 

Inputs include clamp diodes. This 
enables the use of current limiting 
resistors to interface inputs to voltages 
in excess of Vcc. 


ESD protection: the input structure 
has rail-to-rail Diodes, as illustrated in 
Figure 9.2. 


aaa-032366 


VCC 






Input stage 


of the IC 
Input 


Figure 9.2 | ESD protection circuit For HC(T) 
input stages 


HBM JESD22-A114F exceeds 2000 V 
MM JESD22-A115-A exceeds 200 V 


It is recommended to drive all logic inputs with a defined value, not to leave them 


Floating 
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Input Output characteristics 


Input characteristics 


Idd (A) didd=f(Vin) @ Vdd=2V 
1,6Е-05 | 
— 25“С (ур 
—— 25°С min 
ee 85°C min 
—— 125°C min 
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0,0Е+00 


HC input curves at 2V 


Idd (A) didd-f(Vin) @ Vdd=5V 
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— 25°C (ур 
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HC input curves at 5V 


Idd (A) didd-f(Vin) (9 Vdd=3V3 


2,5E-04 











— 25°С Еур 
oe 25°C min 
ae 85°C min ^ | 
—— 125°C min 
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5,0E-05 
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Мм (№) 
HC input curves at 3V3 
Idd (A) didd-f(Vin) @ Vdd=6V 
1,4Е-03 
— 25°С кур 
1,2Е-03 = 25°Cmin —— 
===» 85°C min 
1,0E-03 —— 125°C min — 
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0,0Е+00 
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HC input curves at 6V 
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Output characteristics 
lou (A) loh @ Vdd=5V lou (А) loh @ Vdd=6V 


lot (A) lol @ Vdd=2V lot (A) lol @ Vdd=3V3 = 25°C typ A — 25°C typ 
А 25°C min PP 70,010 — A 25°C min 
—— 85°C min 7 —— 85" С min 
—— 125*C min -0,020 [— —— 125°C min 








-0,010 








0,016 0,045 








0,040 





-0,020 
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0,025 








0,020 
-0,060 

















0,015 







—— 25°C typ 
—— 25°C min 
== 85*C min 





-0,070 





0,010 





—— 25°C min 
= 85"С min 



























































: 0,005 DU 0,060 -0,080 
—— 125°C тіп = 125 Cmin 00 05 10 15 20 25 30 35 40 45 50 00 10 2,0 3,0 4,0 5,0 6,0 
2,0 1% 00 0,5 1,0 1,5 20 2,5 30 3,5 Vout (V) р) 
Vour (V) Vout (V) 
HC output curves at 5V HC output curves at 6V 
HC output curves at 2V HC output curves at 3V3 

Operating Conditions 

lo. (А) lol @ 5V lo. (A) lol @ 6V 

0,100 0,140 











T Table 3: Limiting values 


0,080 e, 9 
Mm 2200 Symbol | Parameter Conditions 
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0,080 


EXE 
—0,5 +7 V 


0,050 И 



















































































0,060 
и Vi« -0.5V or m а 
0,030 — 
) кер 0,040 Е 25*Ctyp = 
0,020 = 25°C min —— 25^C min Vi > Vcc + 0.5 V 
s == 85°C min 0,020 === 85°C min 
d —— 125°C min —— 125°C min V <-0.5V ОГ 
0,000 | | | 0,000 | O — t 2 0 m n 
OO OF du i A 24 BO БЕ ао “45 оо 0,0 1,0 2,0 3,0 4,0 5,0 6,0 Vo > Мес + 0. Б V 
Vour (V) Vout (М) 
Vo --0.5V to (Мсс+ 0.5 V) - EAS mA 
HC output curves at 5V HC output curves at 6V = +100 mA 
- |00 - mA 
Іон (А) loh @ Vdd-2V Іон (А) loh @ Vdd=3.3V 
0,000 0,000 == 6 5 + 1 5 0 °С 
— 25*Ctyp 
-0,001 ze min / — 25°С тіп = 500 mW 
85°C min 2 -0,005 Со 45 CIN) 
125*C min d = 125°С min 
-0,002 
-0,003 puo 
-0,004 
-0,015 
-0,005 
-0,020 
0,006 
0,007 -0,025 
09 Of Of 05 9 чу iy 10 "s ue W 0,0 0,5 10 15 2,0 2,5 30 3,5 
Vout (V) Vout (V) 


HC output curves at 2V HC output curves at 3.3V 
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4 Table 4: Recommended operating conditions o 
өлен " Tamb Tamb e= 
Е 7 л 9 = -40*C to -40°C to Е 
fü +з 0 74НС74-0100 74HCT74-Q100 Ф D +85°C +125°С со 
LL Ф ги Е Кој LL 
Е o го с 
= c S a © Міп Тур“ Min Max = 
= a О Min Тур Мах | Min Тур d © 
ч 3 E АГ 
Vcc supply voltage AG | 50 (| ао | a5 | so | 52 | y VoL а, ШАЙ но 
м input voltage 0 = | Veco | © = | Vee М йа mec = |555) = | би | v 
75-45 
V - V - V V 
О output voltage 0 СС 0 ae \с=5 2А 
Т ambient tempe- Усс-6.0У ЗІ |” Шы 
sn un К Уы С) sls ce е 
[ input leakage Vi 2 Vcc or GND; А SEES 
At/AV | input transition Vcc=2.0V — — 625 — — — ns/V current Vcc sio Е 2 Н 
rise and fall rate 
“елы E ае = Оби 139 тои Icc — supply current Мі-Усс ог GND; _ _ 40 Е 80 НА 
СОЕ ЧЕ "E = - п/у Еа ао СИ 
С input capacitance - 25 - - за РЕ 





Table 5: Static characteristics 


Үн HIGH-level input 





- Tamb Tamb us 5! | 20 |e | = 2! V 
g = -40°C to -40°C to T INC ЕТЕ етеу 
а — o (еј - 
E = C Pe L E OO Vcc =4.5 to 5.5V SNe | oe |S IM EU 
б Z voltage 
с е) 5 A Е 
= - Min Тур“ Max | Min Мах | Unit Vou HiGH-level output Vi- Viu or Vii; Месо 4.5 V 
74HC74-Q100 р lo--4mA 414902102021 


Мн HiGH-evelinput Усс-2.0У = ЖЕЕ = 1,5 = V Vo.  LOW-eveloutput | Vi- Viu or Ми: Мсс= 4.5 V 
voltage 
: Vec=4.5V X5 2a] = (ај = |v та lo=4.0mA leis las peers 
Vcc=6.0V 4,2 3,2 - 4,2 - V j = . 
СС | Д 7 о Е Е na H sem n | ue 
Vii. LOWHevelinput ^ Vcc-2.0V Eoo ORE SE Е asd pes 
voltage Icc supply current Мі-Усс or GND; 
Vcc =4.5 V = 2,1 1,35 = 135 V ! 2 2 = 
ns los 0A: УСС 5,5 V ы Mos 
Vcc=6.0V - 2,8 1,8 - 1,8 V ЕЕ | 
Асс | additional supply М-Усс-2.1У; other inputs at Vcc or GND; 
Vou HIGH-level output | Vi- Viu or Vi. current Vee= 45 tO 5.5) lo=0A 
voltage 
Іо--4.0 mA; per input pin; 
сс ДӘ |М! С!“ ЫШ Е _ 
Мсс=4.5\/ nD, nRD inputs 70 915 343 WA 
lo=-5.2 MA; per input pin; 
Bo | Sed | = | 52] = |) wy ЕШ _ _ 
Vcc=6.0V nSD, nCP input 80 360 392 UA 
СІ input capacitance — ORS — — — рЕ 


* All typical values are measured at Tamb = 25°С. 





пехрегїа | Design Engineer's Guide Logic Application Handbook 


O 
O 

















9 Table 6: Dynamic characteristics ; Tomb Tomb © 
[- DE TD 5 E -40°C to -40°C to = 
e g С -40°C to -40°C to E = LE а та 
Y E 5 webs qe WIESE to б | | Y 
o Е E | | а. O Min Typ* Мах | Min Мах zy 
- а. U Min Тур“ Мах | Min Max 74HCT74-Q100 - 
74HCT74-Q100 tog X propagation nCP to nQ, nQ [1] 
tw ^ pulse width nCP HIGH or LOW delay бү E EE 
Мсс= 2.0\/ 100 19 = 120 = П5 Vec = SVAGE S BE = 15 = = = П5 
Vec=4.5V 20 7 - 24 - П5 nSD to nQ, nQ [1] 
Vcc=6.0V 17 6 = 20 = П5 Мсс=4.5\/ = 23 50 = 60 П5 
nSD, nRD LOW Vcc 25V; C = 15pF = 18 5 = = ns 
Vcc=2.0V 100 19 — 120 — ns nRD to nQ, nQ [1] 
Мес“ 4.5 V 20 7 = 24 = П5 Усс-4.5У - 24 50 - 60 | ins 
Vec=6.0V 17 6 - 20 - ns Vcc25V; С = 15pF = 18 E m = ns 
trec recovery time п50, nRD tt transition time по, nQ [1] 
Vcc=2.0V 40 3 = 15 T ns Vcc 4.5М - D 19 - 22 | ms 
Wee sus v 8 1 2 9 = ns tw pulse width nCP HIGH or LOW 
Усс-6.0У 7 1 = 8 z П5 Vcc24.5V 23 9 = 27 - ns 
Esu set-up time nD to nCP nSD, nRD LOW 
Vcc- 2.0% 75 6 Е 90 B ns Vcc 24.5 V 20 9 E 24 - П5 
Усс-4.5У 15 2 = 18 " ns Lec — recoverytime NSD, NRD 
Vcc=6.0V 13 2 = 15 — П5 Vcc24.5V 8 1 = 9 22 по 
Bn hold time nD to nCP Em set-up time nD to nCP 
va О 3 -6 т 3 = П5 Vec=4.5V 15 5 - 18 - ns 
Мес“ 4.5 V 3 та а 3 = П5 th hold time nD to nCP 
Vcc =6.0V 3 ти = 3 x ns Мес 4.5 V 3 -3 - 3 - ns 
fma: maximum nCP mac | maximum ncP 
frequency Vec=2.0V Agi) a) Геј с [у frequency Vec=4.5V alal el I 
Vcc = 4.5 V 24 69 - 20 - MHz Мес“ 5 V; С = 15pF КЕ 59 - B = МН? 
Vcc 2 5V; Сі-15рҒ а 76 E = шн? Cep power Cı 50pF; F=1 MHz; 
Vec=6.0V 28 82 = 24 — | MHz dissipation мг GND to - 29 - - = pF 
БЕРЕТ CL=50pF: F=1 MHz capacitance МСС 1.5 |B] 
dissipation Vi=GND to Vcc [3] ш et = И = рЕ * All typical values are measured at Tamb = 25°С. 
capacitance [1] tpa is the same as Ёрүн and Ерні. 


] 
[2] ttis the same as tru, and try. 
[3] Cpp is used to determine the dynamic power dissipation (Pp in pw). 
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Power calculations 
Static Power Consumption can be calculated by the following: 


Ps (Static Power) =Icc (supply current) + Delta Icc (per input where 
Vin 2 Vcc- 2.1 V) « li (input leakage current per input when Vin=0 or 5V)+lout (sum 
of all output current) 


Dynamic Power Consumption For the device can be calculated by the following 
equation: 


Cpp is used to determine the dynamic power dissipation (Pp in UW): 


Pp = Cpp X Vec? x fi X N + X [CL X Vec? x fol 


Where: 

fj - input frequency in MHz 

fo = output frequency in MHz 

Сі = output load capacitance in pF 


Vcc - supply voltage in V 
N=number of inputs switching 
У [С x Vcc? x fo] 2 sum of outputs 


Special Features 


Bus Hold, Unbuffered output, Schmitt vs Schmitt Action (particularly For confusion 
оп LVC family), onboard translation as specific to that particular family 


Summary 


e Input levels: 
For 74НСОО: CMOS level 
For 74НСТОО: TTL level 
* Complies with JEDEC standard no. 7A 
e Multiple package options 
* Specified from -40C to +125С 
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9.2 The AHC/AHCT Logic Family 


Introduction to family / General description 


The AHC/AHCT family is an Advanced version of the HC/HCT Family with lower 
noise, lower power consumption, higher speed (lower propagation delay), higher 
output drive current and overvoltage protected inputs. Functions are pin 
compatible with HC/HCT devices and available as both standard (quad/hex/octal) 
and MiniLogic (single/dual/triple) versions. 


Applications 

The АНС family is designed For The key applications addressed by this 
operation from 2.0 to 5.5V to provide logic Family are: 

support for CMOS level designs while e Industrial applications in general 


the AHCT Family is optimized For “ Consumer electronics 
operation at TTL levels (4.5 to 5.5 V). All * Computer peripherals 
devices can support up to 8 mA output • Communications 
drive current. 


Construction 
AHC/AHCT devices are built on a 1.2-micron process on an 8 inch wafer production 
facility. All devices use copper wire bonds. 


Input Output structures 


All AHC/AHCT devices have overvoltage tolerant inputs, allowing input signals to 
exceed the Vcc supply (Vin = 5.5 V max regardless of Vcc). External driving of the 
output pins should be limited to Vcc. 


Inputs are protected from ESD damage (HBM EIA/JESD22-A114E exceeds 2000 V, 
MM EIA/JESD22-A115-A exceeds 200 V, CDM EIA/JESD22-C101C exceeds 1000 V). 


Input/output clamping current must be limited to 20 mA to prevent damage to the 


ESD protection circuits. Note that the input and output voltage ratings may be 
exceeded if the input and output current ratings are observed 


All inputs have Schmitt Trigger Action except For 10 devices which have True 
Schmitt Triggers (74AHC/AHCT1 32, -14, -1G14, -1G17, -3G14). Schmitt Trigger 
Action input provide improved tolerance to input noise but do not have the long 
rise/Fall times of True Schmitt Triggers. Schmitt Trigger action is indicated in the 
datasheet by the presence of the Transfer Characteristics Vt+, Vt- and Vh. 


It is recommended to drive all logic inputs with a defined value, not to leave them 
Floating. 
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o AHC/AHCT input and output characteristics Outputs Q 
= = 
= AHC Input figures AHCT Input figures " Е = 
с = M = LA т 
T Е © E со ТИ 
4 я е А © о 5 о 
M didd (A) didd-f(Vin) @ Vdd=4V5 didd (A) didd=f(Vin) @ Vdd=4V5 5 го = 5 M 
e 8,0E-03 | | | 8,ОЕ-03 СО ^ x 
- 7,0E-03 = A 7,0E-03 ШШ | 
== 85°C min 
6,0Е-03 —— ge nas 6,0E-03 
5,0E-03 5,0E-03 
4,0E-03 4,0E-03 
3,0E-03 3,0E-03 
2,0E-03 2,0E-03 
1,0E-03 1,0E-03 
0 025 0.5 ПОБ ТЕБИ 175 2 Vo(V) 0 1.25 1.55 1.75 2 Vo(V) 
0,0Е+00 0,0E+00 
2,5 3,0 3,5 4,0 4,5 5,0 
Ды uis lou at 2.0V lot at 2.0V 
AHC input curves at 4V5 AHCT input curves at 4V5 2) " 
a A E а 
Е со Е со 
E © d © 
Idd (А) didd=f(Vin) @ Vdd=5V Idd (A) didd=f(Vin) @ Vdd=5V 2 | | | го Б © 
1,2Е-02 1,2Е-02 АТ | һа ач КЕЛЕ ic E 
| | | 
8,0E-03 8,0E-03 ii 
6,0E-03 6,0E-03 
27 
4,0E-03 4,0E-03 | | A | 
p. | 
ЕЕЕ ССА — === 85°C min 
2,0E-03 2,0E-03 Was | oe 125°С min 
0,0E+00 0,0E+00 | | 
d lou at 3.3 V lot at 3.3V 
АНС input curves at 5V AHCT input curves at 5V " " 
= A = а 
Е со Е со 
E © а © 
Idd (А) didd=f(Vin) (9 Vdd=5V5 Idd (A) didd=f(Vin) @ Vdd=5V5 £ © 3 © 
1,4Е-02 | | 1,4Е-02 | | fo © 
a 25°С typ ae 25°C typ 
1,2Е-02 == 25°C min 1,2E-02 -—— 25°Cmin — 
== 85°C min == 85°C min 
1,0E-02 —— 125*C min 1,0E-02 —— 125*C min _| 
8,0E-03 8,0E-03 
6,0E-03 6,0E-03 
4,0E-03 4,0E-03 = 25^C min 
== 85°C min 
2,0E-03 2,0Е-03 —— 125°С min 
0,0E+00 0,0E+00 
3,0 4,0 5,0 6,0 0,0 1,0 2,0 3,0 4,0 5,0 6,0 
Шы Ши Іон at 5.0% Іо at 5.0% 
АНС input curves at 5/5 AHCT input curves at 5V5 


No, 





Кө, 


пехрегїа | Design Engineer's Guide 








Logic Application Handbook 








Ne) 





A Operating Conditions Table 9: Static characteristics o 
Е Table 7: Limiting values z и Tamb ү Lu E 
ш. : : : S 5 o -40*Cto | -40°C to ш. 
S In accordance with the Absolute Maximum Rating System (IEC 60134). D = 256 485°C +125°С F 
E Voltages are referenced to GND (ground - 0 V). = E E 
со је; . : с 
--і а. JO Min Т Max Min Мах | Min и 
ут | parameter сиик | Ma | Unt " 
Т4АНС74 
supply voltage -0,5 +7,0 V 
V HIGH-level Vcc=2.0V 15 - - 1,5 — 1,5 — V 
Vi input voltage 05 | 270 Iw 2 ATARI is 
Г | Vcc=3.0V 2,1 - - 2,1 — 2,1 - 7 
lik input clamping current Мес Око Ен -20 - mA s 
Мсс=5.5\/ 3,85 - - 385 = 385 = V 
lok output clamping current Vo «-0.5V or 220 +20 = =< 
Vo>Vcc+0.5V* VIL LOW-level Vcc=2.0V - - 0,5 - 0,5 - 0,5 V 
input voltage 
ја output current Мое Перо еа | —25 | "25° ха : BE Vcc=3.0V ГГ ЕЕ 
ІСС supply current - +75 mA 2-55 - = 51:55 е ЧЕ ЫБ = ББ 707 
IGND ground current -15 — mA Vou  HIGH-level Vi=Vin or Ми 
o output E | 
Tstg storage temperature -65 +150 С voltage ME d 19 20 B 19 И 19 Е V 
Ptot total power dissipation Tamh ле C O +125 Ch — 500 mW Сеа 
lo=-50 UA; 
* The input and output voltage ratings may be exceeded if the input and output current ratings аге Vcc=3.0V 29 3,0 Е 2,9 7 2,9 n V 
observed. 
** For SOT108-1 (5014) package: Ptot derates linearly with 10.1 mW/K above 100°C. lo=-50 pA; ОК E PE еј 7772 V 
For SOT402-1 (TSSOP14) package: Ptot derates linearly with 7.3 mW/K above 81°С. Vac 154 ' : : ' 
For SOT762-1 (ОНУОЕМ14) package: Ptot derates linearly with 9.6 mw/K above 98°С. КЕ 
ЦИ he De) es oes 0 со | 
Мсс=3.0\/ 
Table 8: Recommended operating conditions lo=-8.0 mA; К ШИК Готово 
Мсс-4.5У | j i 
(e [^4] 
2 © 74АНС74 74AHCT74 Vo. LOW-level | Vi=Vin or Vit 
Е = output 
со = lo=50 HA; 
c voltage - QNO = 01 = О V 
a © Тур Max 9 Vcc=2.0V 
lo=50 uA; 
Vcc supply voltage 2,0 5,0 5,5 4,5 5,0 5,5 V Е 0 0.1 Е 0.1 d 01 \/ 
Мсс=3.0\/ ' à і 
VI input voltage 0 — 5,5 0 — 5,5 V 
Осо 071501 0,1 | у 
Уо output voltage 0 = Vcc 0 E Vcc Vesa BY E ' Ё ' 2 ' 
Tamb ambient Е Е : lo=4.0 mA; 
алын ота AQ К с јо | ао | се оо Е ЕЗЕК ЕЕ Е 
At/AV  inputtransition Vcc= lo2 8.0mA; 
rise and Гај гасе 3.0 to 3.6V 10 ЛЕДІ Усс-4.5У z лк сл oec ERES ood 
Мсс= " 20 z = 20 ns/V [ input leakage Vi=5.5V or 
4.5 0 5.5 V current GND; Vcc=0 to = -—- 01 - 10 = 20 ЦА 
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A Tamb Tamb 
2 = -40'Cto | -40°C to 
= D 48552 | 4125"С 
Е Е 
CL © Min Мах| Min Max 
ІСС supply Vi=Vcc or GND; 
current [o OFS - - 2,0 - 20 - 40 МА 
Vee c 9 
Ci input. Vi=Vcc or GND 3 10 Е 10 Е 10 ale 
capacitance 
TAAHCT74 
Мін HIGH-level Мсс=4.5 to 5.5V 281 = | 20 " 20 - V 
input voltage 
ViL LOW-level Vcc=4.5 to 5.5V E М 0,8 E 0,8 Я 0,8 V 
input voltage 
Vou  HIGH-level Vie Vie Or Vi; Мсс=4.5\/ 
output Е 
voltage [o2 750A 44 4,5 44 44 V 
Іо= -8.0mA 394 - о V 
Мо:  LOW-evel Vi= Vi Or V Vec=4.5 V 
output _ 
Ves јо: 50 ЏА QS 0,1 Oly 
lo=8.0MA - - 0,36 = 044 - 0,55 
| input leakage | Vj-5.5V or 
current GND; Vcc=0 to - - 0,1 - 1,0 - 20 НА 
5.5\/ 
(СС supply Vi Мес ог GND; 
current [om A: - - 2,0 - 20 - 40 UA 
МЕСЕ s 
Асс additional per input pin; 
supply ИЕ ОЕЕО 
current other pinsat Vcc  - 21105 1,5 — 15 MA 
ог GND; lo=0A; 
Vcc=4.5 to 5.5V 
Ci input Vi=Vcc or GND Е 3 10 А 10 Е 10 UE 


capacitance 
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Table 10: Dynamic characteristics 


Tamb 
25 С 


“. л 
Е 5 
Ф D 
= 5 
t с 
со је; 
а. 9) 


Мїп Тур* Мах 
74AHC74 


tod propagation nCPtonQ, по; [1] 


ers Vee=3:0 to NIMM 
З.6\/,Сү=15рЕ ! i 
оро pF - 7,4 154 
dicerc pF SP: MET 
Ar tem pF ES 2 E 
nSD, nRD to nQ, nQ 
Nora "2E 2 
cr ue pF = pu nsus 
RE pF 102 22 
к pF sees e mid 
F max den bet л des = 
р; pF 50) 7S a 
о: ge | um oc 
р; pF QUOI SIS = 


tw pulse width CP HIGH or LOW; nSD, nRD LOW 
Vcc=3.0to3.6V 6,0 — - 


абе Sors | 50 = = 


ТатБ 
-40°C to 
+85°С 


Мїп 


1,0 


1,0 


10 


1,0 


1,0 


130 


1,0 


ТА) 


45 


110 


75 


TO 
5,0 


Max 


14,0 


es 


8,5 


10,5 


14,5 


18,0 


Tamb 
-40°C to 
+125°C 


Min 


1,0 


1,0 


1,0 


1,0 


1,0 


1,0 


1,0 


1,0 


70 


45 


110 


[5 


7,0 
5,0 


15,0 


1975 


9,5 


12,0 


1555 


20,0 


Max | Unit 





NS 


NS 


NS 


NS 


NS 


NS 


NS 


NS 


MHz 


MHz 


MHz 


MHz 


ns 


NS 
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$ $ 
— ^ ТатБ LETT: a ТОБ ШЕШ» Tamb с=з 
= g = -40°Cto | -40°C to g = pss -40*Cto | -40*Cto Е 
(o E ы +85°C | +125°C Е 5 +85°C | +125°C (o 
LL = © Е 5 ІР 
%) c c W 
O a S Min Мах Min Мах Unit a S Min Typ* Min Max Min Max rr) 
le, le, 
- ЕТ set-up time nD to nCP th hold time nD to nCP - 
Vcc=3.0 lo 3.6.7 | 60 - - 7,0 - 7,0 - П5 Мсс=4.5 to 5.5\/ 0 - - 0 - 0 - П5 
Vcc=4.5 to 5.5V 5,0 - - 5,0 - 5,0 - П5 rec recovery time nRD to nCP 
Itm hold time nD to nCP М-С 35 = - 35 - 35 - ns 
Vcc=3.0to3.6V 0,5 — — 0,5 — 0,5 — ns Cpp power fi=1 MHz; 
issipati ми GND to V AE EN E un prs 
еее Stossvl05 | — | 5 |os |] = SS | го о ы Y А 
capacitance [2] 
[rec recovery time | nRD to nCP 
* Typical values are measured at nominal supply voltage (Vcc 2 3.3 V and Усс-5.0М). 
ИСЕ ЮО СЕ ОЕ КОЕ ns [1] tpa is the same as [рүн and Ерні. 


[2] Cpp is used to determine the dynamic power dissipation (Pp in yW). 


Vcc=4.5 to 5.5V 3,0 - - 3,0 - 3,0 - П5 
Cpp power fi=1 MHz; 
dissipation Vi=GND to Vcc - 12 - - - = = pF 


Power calculations 


capacitance [2] 





tod propagation NCP to nQ, по [1] Ps (Static Power) =Icc (supply current) + Delta Icc (per input where 
delay mI аР реи яе Vin? Vcc- 2.1 V) +li (input leakage current per input when Ми = 0 ог 5V)+lout (sum 
SSV CT SpF ; i i i í E of all output current) 
vae 500 AE E та (ој ој ae Dynamic Power Consumption For the device can be calculated by the following 
DN GI БОРЕ equation: 


nSD, nRD to nQ, пО 


Маст а 06 = 137 оо ded 40 (ава пе 


Сиш ЕБВ Pp = Cpp X Vec* X fi X N + ? Іс, X Vec^ X fol 


Мес 4.5 to 
52251; 53 |1141 1,0 113,01 1,0 |1451] ns 
[тах maximum Vcc = 4.5 to 
100 160 = 80 m 80 == MHz Where: 
frequency 55V (ст Зоја ; 
e = input frequency in MHz Vcc - supply voltage in V 
=4 5 to l | -— 
Hem е SU алам” ај ој бај ЕО Fo = output frequency in MHz N=number of inputs switching 
; Cj = output load capacitance in pF У [CL x Vcc? x fo] 2 sum of outputs 


tw pulse width CP HIGH or LOW; nSD, nRD LOW 
Vae =l е Ше ин ЗО - - 50 = 50 = П5 
Usu set-up time nD to nCP 


Mood S or 1 5,0 || = ЗО SEO CS ns 
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Special Features 


An overview of Features available for 
the AHC logic family: 


8-bit bus interface Functions 
MiniLogic gates 

Analog switch functions 

TTL level input/outputs (AHCT family) 
Schmitt trigger inputs 

Shift registers 

Clock dividers 

Open drain outputs 

Over voltage tolerant inputs 


Summary 


The advanced high-speed CMOS AHC(T) 
logic Family is a speed upgrade of HC(T) 
with over-voltage tolerant inputs for 
true mixed voltage applications. 
Nexperia provides AHC products for use 
in 2.0V to 6.0V CMOS applications and 
AHCT products for use in 4.5 V to 5.5V 
TTL applications. 


e 5 пѕ typical propagation delay 

* Output drive capability IOH/ 
IOL=+8 MA 

e Low power 

e 5V tolerant inputs 

* Low noise: VOLP 2 0.8V (max.) 
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9.3 The LVC Logic Family 


Introduction to family / General description 


Nexperia offers the Feature rich Low Voltage CMOS (LVC) logic portfolio to enable 
the migration of electronic solutions from 5.5 V to lower power mixed 5.5 V / 3.3V 
and beyond. The LVC family includes Standard Logic Functions with supply range 
1.65V to 3.3 V, as well as Mini Logic Functions with supply range 1.65 V to 5.5 V. 
Compared to older logic Families, it has a much lower (сс. The power consumption 
is very low due to very small CPD which is lower than in competition devices. The 
LVC Family offers Features like overvoltage tolerant inputs and lore circuitry as well 
as Schmitt-Trigger (action) inputs For many devices. 


Applications Construction 

The LVC logic device family supports The LVC family devices are built in 5 V 

the trend to lower supply voltages. CMOS125 technology with a gate 

It can therefore be applied in length of 600 nm. The process 

applications like technology is Pb-free, RoHS and Dark 
Green compliant. Bond wiring is done 


* Computing, servers 

* Telecom and networking 
equipment 

* Advanced bus interface 

e Industrial and Automotive 


with copper. 


Input Output structures 
Inputs 
There are two types of input circuits in the LVC Family. 


Schmitt-trigger action input. This input has a small amount of hysteresis built into 
the input switching levels. The hysteresis is not Formally specified but it does allow 
the input to be tolerant to input slew rates as high as 20ns/V at Vcc2 1.65 V to 2.7 V 
and 10 ns/V at Vcc- 2.7 V to 5.5 V. The Schmitt-trigger action input may be 
preceded by a bus-hold cell to define unused inputs. This bus-hold cell does not 
affect the performance of the device. 
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+ Schmitt-trigger input. This input has much higher input hysteresis which is Formally - = m > o 
= specified in the datasheet. The advantage of true Schmitt-trigger inputs is that they Е E e © = 
E tolerant to very slow edges. The following figures show a side by side _ 5 8 ІНШІ % Е 
uo оло: а йыны np. i ШШШ з 2 
S comparison of the IV characteristics of the Schmitt-trigger action input and the aae anne т 
O Schmitt-trigger input. о 
© 15 о 
аг . АГ 
All inputs аге 5V tolerant. 
ПОП 
It is recommended to drive all logic inputs with a defined value, not to leave them ШТІ! 
| ШШШ ЙҮ ЇН 
Floating. ТИЛШИ 
ТТИ ТИП 
o 
4 Vi(V) 0 1 2 3 4 У((м) 
E S Е ИШИНИН = 3.3 V Schmitt action 3.3 V Schmitt trigger 
E Ө Е Hoo S 
Е и ЕЕЕ : 2 о — 40 си 
ЕНЕ E ШЫ ео К = 
ШШЕ ШШ ОЕ OUR 9 E S 
? HAEE BEBE 8 2 
51 ЕВЕ В 
ШЕ ШЕЕ LEE 
ESTAS is ein 
AEE ИШЕН 2o 
АП | ШШ ШЕЕ 
НН ШЕЕ 
20 Vi(V У 0 0.5 1.0 1.5 20 Vi(V || 
i (V) i (V) ШЕШЕ 
ШШЕ 
1.8V Schmitt action 1.8V Schmitt trigger H+ 
5 V,(V) M 1 2 3 4 5 М((М) 
E E E 5 5.0% Schmitt action 5.0V Schmitt trigger 
3 3 Outputs 
Three types of output drivers are used in the LVC family. 
The standard output is used in the standard logic devices. It provides a balanced 
24 mA output drive at 3.3 V. 
The source terminated output is used in standard logic devices that feature source 
l ! - dones Т7 termination For better matching іп distributed load applications such as 
transmission lines. It has a balanced 12 mA output drive at 3.3 V. 
2.7 V Schmitt action 2.7 V Schmitt trigger 


The Mini Logic output is suitable for use over a wider supply voltage range. It 
provides a balanced 24 mA output drive at 3.3 V and a balanced 32 mA output drive 
at 5.0V. The following Figures show a side by side comparison of the IV 
characteristics of all three outputs. 
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40 Ый 
=> r- 
< 
Е F Standard output Q 
Ка | Vcc = 1.8V o 
-9 e 
ro 
[{°] 
fü 
20 
— 25°C га 
—— 25°Cmin ~ 
— 85°C min ~ 
— 125°C min ~ 
0 
0 0.5 1.0 1.5 2.0 Vo(V) 
о at 1.8V 
т E 
< 
Е = 
ZI e 
-9 Со 
со 
[{°] 
00 
—— 25°С min 
==» 85°C min 
— 125°C min | 
3 Vo(V) 
lo. at 2.7 V 
c 120 СЕ 
Е | Standard output e 
БЕ Vcc = 3.3 V © 
2 © 
© 
[{°] 
[{°] 
60 
— 25°C 
= 25°Cmin `] 
===» 85°C min | 
===» 125°C min 
0 
0 1 2 3 4 Vo(V) 
lo. at 3.3 V 





















































































































































































= 0 y 
T N 
c L Standard output 2 
=. о 
= [Ve-18V = 
со 
со 
fü 
-10 
-20 
=== 25°C — 
= 25“ Сто | 
— 95°С min 
ae 125°C min | 
-30 
0.5 1.0 1.5 2.0 Vo(V) 
он at 1.8V 
e 
29 м 
c | Standard output e 
ED © 
Е МИСС AV S 
со 
Це 
fü 
-30 
al 
°Стіп | 
Ме „| 
oe 125°C min 
-60 —T | 
0 1 2 3 Vo(V) 
он at 2.7 V 
o 
29 Б 
Е - Standard output E 
L 23. © 
Е Мај ој МИ S 
EHE 3 
со 
fü 
EEDE 
-50 | de 
Е Е 
ВВЕ E 
L- EIER == 25°Cmin У 
= ЫЕ - 
ee 125°C min ~ 
-100 И 
0 1 2 3 4 Vo(V) 
он at 3.3 V 
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Operating Conditions 


Table 11: Limiting values of the LVC family devices 


Sc гп 


-0,5 +6 







Active mode * -0,  Vcc+0.5 V 

Power-down mode; 

Усс-0У% 205 бо и 
-100 - mA 


* The input and output voltage ratings may be exceeded if the input and output current ratings are 
observed. 
** For TSSOP8 packages: above 55°C the value of Ptot derates linearly with 2.5 mw/K. 
For VSSOP8 packages: above 110°C the value of Ptot derates linearly with 8.0 mw/K. 
For XSON8 and XQFNS8 packages: above 118°C the value of Ptot derates linearly with 7.8 mW/K. 


Recommended operating conditions 


Table 12: Recommended operating conditions for the mini LVC logic 
devices (x10 pins) 


rc —-— гп 






V 

0 5,5 V 

Active mode 0 VCC V 
Power-down mode; Усс-0У 0 ББ V 





-40 +125 ќа 
Мес“ 1.65 to 2.7 V = 20 ns/V 
Усс-2.7 to 5.5V = 10 ns/V 


No, 
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Table 13: Recommended operating conditions for the standard LVC logic 
devices (>10 pins) 


= 
Фф 
о 
Фф 
Е 
fü 
С 
со 
а 


= гг 


supply voltage For maximum speed 16 " Vou | HIGH level 
performance aE output 
: voltage 
Гү | 
VI input voltage 0 — 5.5 V 
Vo output voltage 0 - Мес V 
lea ambient temperature -40 - +125 ne 
At/AV input transition rise Мај 1.05 to 27 0 - 20 ns/V 
dd Vcc22.7 V to 3.6V і| | | 


Static characteristics 


Table 14: Static characteristics for mini Logic devices (x10 pins) 
Мо: LOW-level 
output 


Tamb Tamb voltage 


-40"C to +85°С -40'Cto-125'C 


= мл 
Ф е 
Ф 2 
Е 5 
© E 
с [ө] 
а. U 


Min Typ* Мах Мїп Мах 





Мн  HIGH-level 
input 
voltage 


Vcc=1.65 to 
1.95 V 


= 
ON 
сл 
< 
С 
о 
| 
| 
С 
ON 
сл 
< 
С 
о 
| 
< 


Ver =2.3' КО 
АТМ 


Vcc=2.7 to 
3.6 V 


Vcc=4.5 to 
5.5V 


ми 


LOW-level 
input 
voltage 


Мсс= 1-65.06 
1.95\М 


Мсс=2.3 to 
У 


Vea = 2 le 
36V 


Vees 45100 
Su 


0.35 Vcc 


07 


0,8 


0.3 Vcc 


0,7 


0,8 


0.3 Усс 


V lOFF 


input 
leakage 
current 


power-off 
leakage 
current 


Conditions 


Vi=Vin OF VIL 


lo=-100 UA; 
Vcc=1.65 to 
5.5V 


lo=-4 mA; 
Vees 1668 


lo=-8 mA; 
Мсс=2.3\/ 


lo=-12 mA; 
Мсс=2.7\/ 


lo=-24 mA; 
Vcc =3.0V 


lo=-32 тА; 
Vcc=4.5V 


Vi=Vin or VIL 


lo= 1009 А; 
Мсс= 1.65 to 
5.9 V 


ос 4mA; 
Усс-1.65У 


lo=8 mA; 
Vcc=2.3V 


lo=12 MA; 
iam 


lo=24mA; 
Vcc =3.0V 


lo=32 MA; 
Vcc =4.5V 


Vi=5.5V ОГ 
GND; 
Vcc=0 to 
SSN 


Vi or 
Wig SDS NE 
Neo 


ТатБ 


-40°C to +85°C 


Мїп 


22 


2 3 


Тур“ Мах 


1,54 = 
2015 = 
2,50 = 
262 = 
4,11 = 
= 0,10 
0,07 0,45 
О? 0,30 
O17 0,40 
0,33 0,55 
0,39 0,55 
+0.1 +1 
+0] +2 


Tamb 


-40 C to +125°C 


Min 


Vcc - 0.1 


Max 


0,10 


0,70 


0,45 


0,60 


0,80 





UA 


UA 


Ne) 
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= 
АЈ 
о 
Фф 
Е 
fü 
ы 
со 
а. 


Icc supply 
current 


Асс additional 


supply 
current 


СІ input 
capacitance 


Conditions 


Vi= S25 7 or 
GND; 
Vcc=1.65 to 
5.5V; lo=0A 


per pin; 

Vi- Vcc- 
0.6 V; lo=0A; 
Vces2.3 КО 
5.5V 


Tamb Tamb 
-40°C to +85°C -40°C to +125°C 


Min Тур* Мах Мїп Мах 





0,1 4 2 4 ША 
= 5 500 - 500 UA 


* All typical values are measured at Tamb=25°C. 


Table 15: Static characteristics for standard Logic devices (> 10 pins) 


(- 
Фф 
о 
Фф 
= 
fü 
С 
со 
а. 


мн HIGH-level 
input 
voltage 


VIL LOW-level 
input 
voltage 


Conditions 


Мсс=1.2\/ 


Vcc=1.65 to 
ІП 


Мсс=2.3 to 
2.7 V 


Vcc=2.7 КО 
3.6 V 


Vees PAN 


Vcc=1.65 to 
1-95 V 


Мес-2 210 
2al V 


Vec- 2 Т bo 
3.6 V 





Tamb Tamb 
-40°C to +85°C -40°C to +125°C 
Min Тур* Мах i Мах 
1,08 - - 1,08 - V 
0.65 x " 0.65 x V 
Vcc Vcc 
d - - “7 - V 
2,0 - - 2,0 - V 
е = 0,12 - 0,12 
А _ 0.35 x B 0.35 x 
Vcc Vcc 
- - 0,7 - 0,7 
— — 0,8 — 0,8 


_ 
Фф 
о 
Фф 
= 
fü 
[n 
fü 
а. 


Vou  HIGH-level 
output 
voltage 


Мо: LOW-level 
output 
voltage 


li input 
leakage 
current 


сс — supply 
current 


Conditions 


Vi=Vin or Vit 


lo=-100UA; 
Мас = 1.65 КО 
3.6 V 


lo=-4 mA; 
МСС sd oS V 


lo=-8 тА; 
Мсс=2.3\/ 


lo=-12 mA; 
Vad ANN 


lo=-18 mA; 
Vcc=3.0V 


lo=-24 mA; 
Vcc =3.0V 


Vi 2 Vig OF Ми 


ос 100 uA; 
Мсс= 1.65 to 
3.6 V 


lo=4mA; 
Vees 66907 


ос 8 mA; 
Vec = 2N 


lo=12 MA; 
СЕЕ 


осо = 24т\А; 
Vee =S ON 


Vcc =3.6V; 
Vi=5.5V or 
GND 


Vcc=3.6V; 
Мү=\/сс or 
GND; lo=0A 


Tamb 


-40°C to +85°C 


Min 


252 


2,4 


Typ* 


Max 


0,2 


0,45 


0,6 


0,4 


Tamb 


-40°C to +125°С 


Min 


Vcc- 0.3 


1,05 


1,65 


2,05 


225 


210) 


Мах 


0,3 


0,65 


0,8 


0,6 


0,8 


40 





UA 


UA 


O 
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Tamb Tamb 
-40°C to -40°C to 
+85°C +125°C 


Tamb Tamb 
-40°C to +85°C -40°C to +125°C 


= л 
5 б 
Ф Ќе 
Е © 
со 

(= c 
© о 
а. O 


Min Typ* Мах Мїп Мах 





i= л 
5 © 
Фф D 
Е © 
Це 

[he с 
со је, 
а. 9) 


Min Тур” Мїп 





и и 
Ф .Ф 
е 
2 2 
9 ы 
је) је) 
le, le) 
2 ir 


Alec additional ^ per input pin; 


Ба propagation RD to Q, Q; [1] 





supply Масе 2.7 to Еј 
current 3.6V; - 5 500 - 5000 pA | Vac 168 бој 125 РО EC Pee) te 
Ml ec 222012270 LO less | К ког 
Oey lo=0A cc=4.9 CO 2. , А ; i i S 
a input Vec=0 to Месесту 1,0 3,5 7,0 1,0 7,0 П5 
capacitance 3.6V;V\= = 4 ж = - РЕ Мсс= bo 3.6 V 1,0 3,0 5,9 1,0 5,9 П5 
GND to Vcc 
Мсс=4.5 to 5.5 V 1,0 25 4,1 1,0 4,1 П5 
tw pulsewidth CP HIGH or LOW 
Dynamic characteristics Мсс= 1.65 to 1.95V oon ќе ЕЗЕК 
: Wm We . Vcc= 2.3 to 2.7 V 2 ТІ - - А - ns 
Table 16: Dynamic characteristics for mini logic 
Маја nV. 2l = = 2,7 = П5 
x ^ Tamb Tamb месе 3.0 to 3.6V И ES 
2 S -40°C to -40°C to 
Е = +85°C +125°C e ASN был S e A S 
© Е a ы ы і сее се 
© SD and RD LOW 
a © Min Тур“ Мах | Min 
Vec= 1.65 to 1.95\/ 6,2 - - 6,2 - П5 
ба propagation ср to Q, Q; [1] 
delay Мсс= 2.3 to 2.7 V 2f = = 2 = П5 
Мес- 1.65 to | 95/ 155 60 |1341 15 | 1341 ТЕ 
абе 2 V. 27, - - 2 - П5 
Vcc=2.3 to2.7V СОО Е ЕТЕ | 
Мсс=3.0 to 3.6 V 2 ТК 1,6 - 2 6 - П5 
Усс-2.7У ОЕ ЕТО ЕИ Е 
Мсс=4.5 to Debi, 2,0 - - 2,0 - П5 
Vec=3.0 to 3:6 V 1,0 3,5 59 1,0 5,9 П5 
(тес recovery time SD or RD 
Vcc=4.5 to 5.5V 1,0 2,5 4,1 1,0 4,1 П5 
Мсс= 1.65 to 1.95V 1,9 — — 1,9 — П5 
SD to О; [1] 
Vcc=2.3 to 2.7 V 1,4 — - 1,4 - П5 
Мсс= 1.65 to 1.95V 1,5 60 | 1291 15 | 1291] по 
Vee SAIN їз = = es: = ns 
Vcc=2.3 to 2.7 V 1,0 3,5 7,0 1,0 7,0 П5 
Мсс- 3.0 to 3.6V +1,2 -3,0 - +1,2 - П5 
Мсс-2.7У 1,0 3,5 7,0 1,0 7,0 П5 
Vcc= 4.5 (0557 1,0 — - 1,0 - П5 
Мсс= 3.0 Eo 3:6 V 1,0 3,0 5,9 1,0 5,9 П5 


Vcc=4.5 to 5.5V ПСО Е 1:007 d ns 
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=} Table 17: Dynamic characteristics for standard logic Q 
e= и Tamb Tamb c= 
= 9 6 -40°C to -40*C to : Tee. eee Е 
iE Е = Ші. uon. 5 с -40°C to -40'C to iE 
U ^ S ј | E D Ss C SUSCI Қ? 
O а. O Min Typ* Max | Min © x о 
о б © Е о 
= Tau set-up time D to CP = id Min Тур — 
РОБОТОВ ОЕ Е ЕЕ tod Жы NCP to nQ, по [1] 
elay _ E p Е " 
СЗО КАЖ ЕИ Е ТЕЗЕ а i: is 
Мсс= 1.65 to 1.95V 1,0 50 | 1031 10 | 11,9 ns 
Мсс=2.7\/ 1,7 — - | у — ns 
Vcc= 2.3 to 2.7 V 1,8 29 5,8 1,8 6,7 П5 
Мсс=3.0 to 3.6 V 1,3 0,5 - 11285 - П5 Т 2 "m - Em "m ија Re 
(ү = * 1 1 1 1 1 
ж. Де ае а (е oe os ТІ ІП | 26152 | 40 | 45 | со 
Bin hold time D to CP nSD to nQ, nQ 
Мес“ 1.65 to 1.95V hs | = ес Is | = | по TE ЖЫТ ee ЕТЕ 
Мссс2 9 027У 1,0 - - 1,0 - П5 Мсс= 1.65 to 1.95 V 0,5 AO | 1061 05 | 122 ns 
МЕСЕ АТМ 1,0 — — 1,0 — П5 Vcesz. 3to2.7V 1,0 2,4 6,1 1,0 7,1 ns 
Vcc=3.0 to 3.6 V ШЕРІ |e) EE Ег Vec=2.7V 10 29 64 10 80 ns 
! RD 
[тах maximum СР eS 
Мсс=1.2\/ - 15 - - - П5 
EE X \-= 1.65 to 1.95V 30 es ШЕШ got oes ЛЕР = 
Мсс= 1.65 to 1.95\/ 0,5 4,1 Шы 05 1 122 П5 
Vcc=2.3 to 2.7 V 175 — - 175 - MHz 
= Wec=2.3to27V ТО ee oe ЕЕ 
Uaec Мын Жаша MEE ы. Caan io | 30 |) ШЕЕ ЩТ 
ож. ШЕР 55:54 es ШИ Ж ей д: Vec= 3.0 to 3.6V 10 | 22 | 54) 0 | | со 
Мсс= 4.5 Eo 5.5 V ZOO КЕ ООВ = INTE tw X pulse width clock HIGH or LOW 
Cpp power Vi=GND to Vcc; Vec= 1.65 to 1.95\/ 5,0 - - 5,0 - П5 
dissipation Мес=3з.3\/ [2] = 15 = = = рЕ Vea Dale Da 40 Е Б 40 7 zs 
capacitance i ' 
Маке 4724 55 = = 4,5 = ns 
* Typical values are measured at Tamb= 25°C and Мсс= 1.8, 2.5 V, 2.7 V, 3.3V and 5.0V respectively. ТЕК ОООО, 33 13 " 45 Е ки 
[1] tpa is the same as tpi and Ерні. ecc НЕ tn A NR ЕЦ л зала im 
[2] Cpp is used to determine the dynamic power dissipation (Pp in UW). set or reset LOW 
Мсс= 1.65 to 1.95\/ 5,0 — — 5,0 — П5 
Vec=Z2.3 to 2.7 V 4,0 - = 4,0 - ns 
ссе 39 = = 4,5 = П5 


Vcc = 3.0 to 3.6 V 3:3 177 - 4,5 - П5 
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Power calculations 
Tamb Tamb 


-40*C to -40*C to The static power consumption calculation is much dependent on the input voltage 
ces C VUES level: if itis properly set to either Vcc or GND level, we can use the static supply 
current Icc For calculating the power consumption: Pstatic= Мес X Icc 


Parameter 
Conditions 


Min Typ* Max | Min 





л N 
E © 
Е Е 
g g 
LL. LL. 
E = 
сл сл 
е) е) 
- - 


In case Vin is at some intermediate level and the device is operating in undefined 
state, both NMOS and PMOS transistors of the input stage may be conducting and 
then we need to use the 





set or reset 
Vcc= 1.65 to 1.95V s = = |05 - П5 
Vee = 2.3 [e277 165 = = 1,5 = П5 
ТЕ! ТЕРІГЕ NE aE. The dynamic power consumption calculation is: 

Мас“ 3.0 to 3.6 V +1,0 -3,0 = 1,0 = П5 

nD to nCP 

Мсс= 1.65 to 1.95V SEES Payn = Cpp X Le Xf;xN- ? là X Иле“ х fo] 
Vcc=2.3 to 2.7 V 2,5 - - 2,5 - П5 

Vcc=2.7V 2 2 - = 22 - П5 

Усс-3.0%03.6У | O28) = | 26) = | as Where: 

nD to nCP fj - input frequency in MHz Vcc 2 number of inputs switching 
Мсс= 1.65 to 1.95 V 2,0 = 5 2,0 = ns Fo = output frequency in MHz 2 (CL x Vcc? x Fo) 2 sum of inputs 
Мес“ 2.3 to 2.7 V 1,5 = = 1,5 = ns Cj = output load capacitance in pF 


Vees AN 1,0 = = 1,0 = ns 
An additional current through the devices can be caused by driving the devices with 


Мсс= 3.0 to V +1,0 -02 - 1,0 - ns | , | 
ЕЕ a voltage nearby Vcc/2 causing both NMOS and PMOS transistor of the input stage 
À to be conducting, although not fully conducting. The Alcc values are listed in the 
Vec= 1.65 to 1.95V 100 - H 80 - MHz static characteristics. 
Vee = bo 2 Vv 125 = = 100 = MHz | , , 
These characteristics are generally valid For devices of the LVC family, please look at 
Vcc=2.7V 150 - - 120 - MHz Lx 
the respective data sheet for more specific details of Power calculations. 
Мсс= 3.0 to 3.6\/ 150 250 - 120 - MHz 
ИСС ЗО to 3.6V [2] " Е 10 E 1,5 e 
per Flip-Flop; Vj GND to Vcc [3] 
Vcc= 1.65 to 1.95V - 12,4 - - - pF 
Vcc=2.3 to Т = 16,0 - — — pF 
Vcc = ЗОО 3.6 V — Vo - - - рЕ 


* Typical values are measured at Тать=25 Сапа Усс-1.2У,1.8У,2.5У,2.7Уапа 3.3V respectively. 
[1] tpa is the same as бынапа Ерні. 
[2] Skew between any two outputs of the same package switching in the same direction. This 
parameter is guaranteed by design. 
[3] Cpp is used to determine the dynamic power dissipation (Pp in yW). 
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Special Features 


To reduce standby current, many applications use advanced power management 
that powers down unused circuits within the application. To support this partial 
power down architecture a logic family must not have any leakage paths to the 
supply rails when the supply voltage (Vcc) is 0 V. LVC includes lorr circuitry that 
prevents current paths through inputs and outputs when Vccz OV. 


A couple of 16/32 bit Buffers/line drivers (МСН) have Bus hold functionality For the 
inputs, holding the last input stage when inputs are temporarily disconnected. 


An overview of Features available For the AUP logic family: 


* Bus hold inputs * Open drain outputs 
e Schmitt-Trigger/Schmitt Action inputs * Source termination 
* Over voltage tolerant inputs e Dual supply translations 


Summary 


Nexperia offers the Feature rich Low Voltage CMOS (LVC) logic portfolio to enable 
the migration of electronic solutions from 5.5V to lower power mixed 5.5 V / 3.3V 
and beyond. The LVC family includes Standard Logic Functions with supply range 
1.65V to 3.3 V, as well as Mini Logic Functions with supply range 1.65 V to 5.5 V. 
Some key features are: 


* 4ns typical propagation delay * Over voltage tolerant inputs 

• 24mA balanced output drive * lorr circuitry 

* Wide supply range * AEC-Q100 compliant options 

e 5V tolerant I/O e Fully specified (-40 to +125°C) 

e Series termination options * Pb-free, RoHS compliant and Dark 
e Bus Hold options Green 
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9.4 The AVC Logic Family 


Introduction to family / General description 


Nexperia's AVC (Advanced Very low voltage CMOS) logic family is optimized For 
high performance bus interface applications. Operating with sub 2 ns propagation 
delays, AVC meets the demands of new digital systems that require low power 
consumption, very high bus speeds in excess of 100 MHz, and low noise. AVC is 
targeted for new high performance workstations, PCs, telecommunications 
equipment, and data communications equipment. 


New circuit techniques have been pioneered that give AVC unique properties. 
Optimized for 2.5 V systems, AVC also operates at 3.3 V and 1.8V to support mixed 
voltage systems. AVC also features a power-off disable output circuit that isolates 
the outputs during power-down modes. This chapter will provide designers better 
insight into this new Family For use in their applications. 


Construction 


The AVC family is built in 3.3 V CMOS technology with 0.35 um gate length. The 
process technology is Pb-Free, RoHS and Dark Green compliant. Bond wiring is 
done with copper. 


Input and output structure 


Input Structures , 
To bus hold circuit e 





AVC inputs use a CMOS totem pole 

inverter as shown in Figure 9.3. The 

circuit does not have the overshoot (RUE 
clamping diode from the input to Vcc 

that is used in classic CMOS circuits. 

Since there is no current path to Veco ТШИ Е 
the voltage may Бе raised above the Усс 

level and allows interfacing in 1.8V to Figure 9.3 | Simplified AVC input structure 
3.3V systems. 


aaa-032016 


Since the circuit is CMOS, care must still be taken to ensure that the inputs don't 
Float. When inputs float, the voltage level may reach the threshold level such that 
both transistors in the totem pole structure will conduct, causing a current path 
from Vcc and ground, wasting power. 


It is recommended to drive all logic inputs with a defined value, not to leave them 
Floating. 
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Input and Output figures 


AVC Input Figures 


dicc total (A) 


diccA-f(Vin) @ VccA-0.8 VccB=0.8 





9,0E-07 


8,0E-07 


7,0E-07 







| | 
— 25°C typ 
енә 25°C min 
—— 85°C min 








—— 125°C min 





6,0E-07 


5,0E-07 





4,0E-07 


3,0E-07 





2,0E-07 





1,0E-07 











0,0E«00 
0,0 0,1 0,2 0,3 


ANC input at 0.8V 











0,5 0,6 0,7 0,8 


Vin (V) 


Idd (A) diccA-f(Vin) @ VccA-1V8 VccB-1V8 





2,5E-04 






| | | 
— 25°C typ 
— 25°C min 





2,0E-04 


1,5E-04 






ee 85°C min 
—— 125°C min 





1,0E-04 





5,0E-05 



































0,0E+00 


0,0 0,2 0,4 0,6 0,8 


AVC input at 1V8 


Output figures 


lo. (A) 


0,005 


0,004 


1,2 1,4 1,6 1,8 2,0 


Vin (V) 


lol @ VccA=3V3 VccB=0V8 





0,003 





0,002 








25°С кур 
25°С тїп 





0,001 








0,000 


AVC output at 0.8V 





85*C min 
125*C min 


Vout (V) 


dicc total (А) 


1,8E-05 


1,6E-05 


1,4E-05 


1,2Е-05 


1,0Е-05 


8,0Е-06 


6,0Е-06 


4,0Е-06 


2,0Е-06 


0,0E+00 


0,0 


ФіссА-ҢМіп) @ УссА-1У2 VccB-1V2 











| 
25°C кур 
25°С тїп 
85°С тїп 
125°С тїп 

























0,2 


0,4 


ANC input at 1V2 


Idd (A) 
1,8E-03 
1,6E-03 
1,4Е-03 
1,2E-03 
1,0Е-03 
8,0Е-04 
6,0Е-04 
4,0Е-04 
2,0Е-04 


0,0E+00 


0,0 


0,6 





0,8 





1,0 1,2 


diccA-f(Vin) @ VccA-3V3 VccB-3V3 











| 
om 25°C min 


| 
25*C typ 


85*C min 
125°C min 





























0,5 


10 


ANC input at 3V3 


lo. (A) 





Bos 3,0 


Vin (V) 


lol @ VccA=3V3 VccB=1V2 





0,030 


0,025 





0,020 





0,015 


0,010 





0,005 











—— 25°Ctyp 
—— 25°C min 
—— 85°C min 
—— 125°C min 








0,000 
0,0 


0,2 


0,4 


AVC output at 1V2 


0,6 


0,8 


2 


Vout (V) 
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lo. (A) 


0,060 


0,050 


0,040 


0,030 


0,020 


0,010 


0,000 


lol (9 УссА-3У3 VccB=1V8 





















----- 25°C typ 
а= 25°С min 










0,0 


0,5 


АМС output at 1V8 


lon (A) 


0,000 


-0,001 


-0,001 


-0,002 


-0,002 


-0,003 


-0,003 


-—— 85*'Cmin | 
—— 125°C min 





1,5 


Vour (V) 


loh @ VccA-3V3 VccB-0V8 








| | 
----- 25°C кур 
—— 25°C min 
—— 85*C min 
—— 125°C min 























0,0 


0,1 0,2 


AVC output at 0V8 


Іон (A) 


0,000 


-0,005 


-0,010 


-0,015 


-0,020 


-0,025 


-0,030 


-0,035 


-0,040 


-0,045 


-0,050 


0,3 


0,4 


0,5 


0,6 0,7 0,8 


Vour (V) 


loh @ VccA=3V3 VccB=1V8 














—— 25°Cmin | 
—— 85°Cmin | 














= 125°C min 
| | 











AVC output at 1V8 


1,2 1,4 1,6 1,8 


Vour (V) 


lo. (A) lol @ УссА-УссВ-3У3 





0,120 


0,100 





0,080 


0,060 





0,040 


0,020 














0,000 
0,0 0,5 1,0 15 2,0 


AVC output at 3V3 


Іон (A) loh @ VccA 











—— 25°С (ур 
—— 25°С min 
== 85°C min 
—— 125°C min 


2,5 3,0 


Vout (V) 


=3V3 VccB-1V2 





0,000 





-0,002 





-0,004 


-0,006 





-0,008 


-0,010 


-0,012 





-0,014 




















----- 25*Ctyp 
—— 25^C min 
= 85°Cmin _ 








-0,016 
—— 125" С min 
-0,018 | 
0,0 0,2 0,4 0,6 0,8 10 172 
Vour (№) 
АМС output at 1V2 
Іон (А) loh @ VccA=3V3 VccB=3V3 





0,000 


-0,020 





-0,040 


-0,060 





-0,080 


-0,100 














----- 25°C typ 
= 25°C min || 
= 85°C min 
—— 125°C min 
| | 








-0,120 
0,0 0,5 1,0 1,5 2,0 


ANC output at 3V3 


2,5 3,0 B 


Vout (V) 


No, 
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A Operating Conditions Table 20: Static characteristics o 
Е Table 18: Limiting values 9 с Tamb Е 
LL e D -40°C to +85°C ы. 
0 СИСТЕ | 5 
т б © "um т 
S supply voltage 0. 14,6 ои = ур B 
lik input clamping current — Vi«0V - -50 mA мн HIGH-level Vcc= 1.2 V Vcc = = V 
V input voltage * ЕНЕГЕ input voltage |. 1.40 1.6V ПОЕ: = V 
ок output clamping current Vo «OV =50 = mA Мсс= 1.65 to 1.95 V 0.65 x Vcc 0,9 — V 
Vo output voltage output HIGH or LOW * -0.5 Мсс+ 0.5 V Мсс=2.3 Ко2.7\/ її 1,2 — V 
output 3-state * —0.5 +4,6 V Мсс= 3.0 to 3.6\/ 2,0 ilps - V 
lo output current Vos EO Vcc — EGO mA ми LOW-levelinput Усс-1.2У — - GND V 
lec supply current = +100 mA voltage Vec=1.4 to 1.6V = 0,9 0.35xVcc М 
IGND ground current -100 - mA Мсс= 1.65 to 1.95V - 0,9 0.35xVcc V 
Tstg storage temperature -65 +150 "C Vcc=2.3 to 2.7 V — 12 0,7 V 
Prot total power dissipation mo - 500 mW Vee= 3.0 to 3:6 V - 1,5 0,8 V 
* The input and output voltage ratings may be exceeded if the input and output current ratings are Vou HICH-level М-Мн OF VIL 
observed. ВЕТРЕ ОАЗЕ lo- -100 pA; V 0.20 V V 
** Above 60°С, the value of Prot derates linearly with 5.5 mW/K. Vcc2 1.65 to 3.6V с СС 7 
lo=-3 MA; Усс-1.4У Vcc-0.35 Усс-0.23 = V 
Table 19: Recommended operating conditions о--4тА;Усс-1.65У Усс-0.45 Vcec- 0.25 - М 
lo=-8MA; Vcc22.3V Усс-0.55  Vcc- 0.38 - V 
Symbol a г 
lo=-12MA; Усс-3.ОУ Мес-0.70 Усс-0.48 = V 
supply voltage T а LOW V TEES on OMI 
oltage standards TES ІІ” output voltage E : 
йы de. 2 GND 0,20 V 
2/3 - 2 V Мсс= 1.65 to 3.6 V 4 
3,0 = 3,6 V Іо- ЗА: Vcc=1.4V = 0,10 0,35 V 
For low-voltage applications 1,2 - 3,6 V lO- AmA Na 65V - 0,10 0,45 V 
Vi input voltage 0 — 3,6 V loce mA Wee n2 wi — 0,26 0,55 V 
Vo output voltage output HIGH or LOW 0 - Мес V lo=12 mA; Vcc=3.0V - 0,36 0,70 V 
output 3-state 0 - 3,6 V | input leakage per pin; 
Т6 ambient temperature іп free air = з= БИКЕ current Vi= Vcc ог GND; 3 0,1 2,5 НА 
Мсс= 1.4 to 3.6 V 
At/AV input transition rise Мес“ 1.4 to 1.6V 0 - 40  ns/V | - REP 
OFF power-o | OF vig Я 
Шы Vcc= 1.65 to 2.31 0 - 30 по leakage current Усс-0.0У й 2d э ж 
СЕИ 0 - 20 пом loz OFF-state Vi= Viu or Vii; Vo 2 Vcc or GND 
Мсс= 3.0 to 3.6\/ 0 = 10 ns/V output current Мсс=1.4Ко2.7\/ — 0,1 5 UA 


Vcc = 3.0 to 3.6 V — 0,1 10 UA 
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> 
= Ф c Tamb КТ c Tamb = 
= Ф Б -40*C to +85°C Ф Б -40*C to +85°C Е 
СО Е © Е о СО 
m 5 © б © S 
Z a 9 тур“ £ 5 Тур“ т 
o o 
S сс supply current = Vi- Vcc or GND; lo=0 A ty X pulse width HIGH; nCP 2 
Мсс= 1.4 to 2.7 V - 0,1 20 UA Vcc2 1.2 V € 0,8 e ns 
Мсс= 3.0 to 3.6\/ - 0,2 40 МА Мсс-1.4 to 1.6V _ 0,5 _ ne 
рро Е 5 Е pF Vcce 1.65 to 1.95 V a 0,3 E ns 
capacitance 
Med 5192 V 25 0,2 - П5 
* All typical values are measured at Tamb = 25 °С. 
Мсс= 3.0 to 3.6 V 25 0,2 - ns 
: — t set-up time nDn to nCP 
Table 21: Dynamic characteristics 5а : 
Мсс=1.2\/ - -0.6 - ns 
9 е Tamb Vec=1.4 to 1.6V 20 -0.3 Е ns 
Ф D -40°C to +85°C 
E © Мсс= 1.65 to 1.95V 1,9 -0.3 - ns 
& © Тур* Мсс-2.3І02.7М 1,4 -0.2 Е ns 
tpd | propagation nCP to nQn; [1] Мос- 2.0103 6/ 1,4 -0.1 - ns 
delay Усс-1.2У E 3,1 = ns th hold time nDn to nCP 
Vcc2 1.4 to 1.6V 2 2,4 8,4 ns СЕИ - 0,8 - ns 
Vee = ШОКОВИ 9S 1,0 2,0 6,7 П5 Vcc= 1.4 to 1.6V з ШТ = ns 
ОССЕ о 0,8 T5 4, ns Мсс= 1.65 to 1.95 V 152 0,6 = ns 
Viee= 3 0to 3:6 V 0,7 We з П5 ЕО ІШ 0,5 = ns 
ten enable time nOE to nQn, nBn; [1] Мсс= 3.0 to 3.6V 11 0,4 - ns 
Vcc2 1.2V = 5,4 Е ns fmax maximum Messe — 250 — MHz 
frequenc 
Vcc 1.4 to 1.6V 1,6 3,9 ТЕ Do: Vec=1.4 to 1.6V = 300 - MHz 
\/сс= 1.65 to 1.95 23 33 6,7 ns Мсс= 1.65 to 1.95 V 160 320 = MHz 
ОСЕ te 2.7 0,9 2 5 4,3 ns Мсс-2 210 277/ 200 350 = MHz 
Mao sto V 0,7 2,0 3,4 ns ОСЕ 01060007 200 350 = MHz 
tds — disable time nOE to nQn; [1] Cpp power per input; Vj GND to Vcc [2] 
dissipation 
Усс-1.2У = 5,6 2 по оке outputs enabled - 66 - pF 
Мсс= 1.4 to 1.6\/ 205 4,5 9,4 ns outputs disabled — | - рЕ 
МСС Ios 5 1,8 99 7,8 ns * Typical values are measured at Tamb=25°C and Vcc 2 1.2 V, 1.5 V, 1.8V, 2.5 V and 3.3V respectively. 
[1] tog is the same as ерің and Ерні. ten is the same as tpz, and tpzu. tqis is the same as Ері? and (ьн. 
Мес 2.3 (СО 2.7 V 1,0 1,8 4,2 ns 4 


[2] Cpp is used to determine the dynamic power dissipation (Pp in yW). 
Vcc=3.0 to 3.6 V 1,2 2,0 3,9 П5 





МӨ; 


л 
2 
Е 
© 
ш 
а 
о 
е) 
a 





nexperia | Design Engineer's Guide 





Table 22: Propagation Delay 






Parameter Characteristic Values 


[Йе ос 





2.3—2.7\/ 
3.6У 25! 3.6V 
3.2 NS 1.9ns 1.7 NS 


1: 74AVC16245 


Power calculations 


AVC is constructed using a 0.35 micron CMOS fabrication process resulting in low 
current consumption. Figure 9.4 shows simulation data of Icc at various Frequencies 
For single and multiple output switching: 





























T 250 
Е — 16 outputs switching 
9 200 — 8 outputs switching 
— 1 output switching 
Typical process 
150 parameters: 
Vcc = 2.5 М 
Tamb = 2506 
100 30 pF loading 
50 
0 
0 50 100 150 200 


Operating frequency (MHz) 


aaa-032309 


Figure 9.4 | Icc over frequency 
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Dynamic power dissipation can be calculated by the following Formula: 
Рр = Cpp X Vc? X fin + 218 X Voc? X four) 


Where: 


Cpp = power dissipation capacitance 
per buffer, latch, or flip-Flop 
fin 2 input frequency 


Four = output frequency 
Cj = output load capacitance 
> (С, x Vcc? x four) = sum of outputs 


For an example, with a typical Cpp of 20 pF for an AVC16244, 15 pF loading, 
100 MHz operation, and 2.5 V Vcc, power dissipation is 162.5 mW with 16 outputs 
switching. 


Special Features 
Output Protection: lorr 


Another feature of AVC is the output protection circuit. In mixed voltage systems, 
when the output node is tied to a bus from a higher voltage system, the original 
diode connection provides a current path to Vcc when the output node is 0.6V 
higher than the AVC device's Vcc. This current can damage the diode, and a current 
path now exists between the two power supplies. Damage can also occur from the 
higher voltage supply charging the lower voltage supply. 


To protect the diodes, the cathodes are switched rather than hard-wired to Vcc. A 
comparator senses the output node voltage and shorts out the diode when the 
voltage rises above the AVC device's Vcc by 0.6 V. This works in the 3-State mode 
only, and the current path to Vcc is eliminated, allowing the output to be raised 
above Vcc in a mixed voltage system. While the device is powered down, the diodes 
are disconnected, and only leakage current of 10uA maximum is present when a 
voltage is applied to the output. This current parameter is called lorr, and the 
protection Feature is useful For power-down modes. 
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Bus Hold 


Also, floating inputs can cause output oscillation, creating excessive current and 
heat which can damage the device. To keep inputs from floating, a common 
practice is to tie a pull-up resistor of several thousand ohms between the input and 
Vcc. Although effective, this adds board component count and extra power 
dissipation. Another solution is to use a device with an integrated bus hold cell. AVC 
devices have an option to integrate this bus hold feature on inputs. This is 
designated in the part type with an “Н” by calling it 74AVCH. Figure 9.5 shows a bus 
hold cell: 


VCC 
е 







ааа-032017 


To input inverter 
Input pin | p + = = = = = = 4 


| 
| 
| 
| 
| 
A! Bus hold се! | 


Figure 9.5 | Simplified bus holder cell 


The cell consists of two inverters to keep the logic level the same at the input node. 
The inverters are comprised of small MOS transistors with weak drive capability in 
the order of several hundred microamps. When the input starts to float, the PMOS 
or NMOS structures pull the bus to the Vcc or ground rail of the last valid logic 
state. The cell requires a small amount of current, called IBHH or IBHL, to sustain 
the logic HIGH and LOW threshold levels. Also, the cell needs several hundred 
microamps, called IBHHO or IBHLO, to overdrive the cell and flip the logic level 
from 3-State to a HIGH or LOW. These specifications are shown in Table 23. 
Simulation data for the bus hold current characteristics are shown in Figure 9.6. The 
user must also take considerations when the bus hold cell is connected to existing 
external pull-up or pull-down resistors. When using external resistors, or when a 
connected ASIC has them built-in, the resistor value must be low enough to allow 
sufficient current to overpower the bus hold cell and drive the input past the 
threshold point to the HIGH or LOW state. 
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Table 23: Bus hold current specification 


Tamb Test Conditions 
Symbol | Parameter -40 to +85°C Min. Vcc (V) Vi (V) 








25 ЈА les 0.35 Vcc 
45 UA 22 0.7 V 
75 ЈА 3.0 0.8V 
3us hold HIC 25 ША 1.65 ЕС 
sustaining current -45 UA 2s ЕЛ! 
Py UA 3.0 2.0V 
Bus hold | 200 UA 1.95 
AU | 300 ША 27 
450 ЈА 3.6 
hus hold НЕ -200 UA 1.95 
| -300 UA 23 
-450 UA BIS 


— V0 = 3.3 \/ 
— \сс=2.5\/ 
ж-е Voc = 1.8 V 


aaa-032310 


Typical process 
parameters: Tamb = 25 °С 


Input Current (yA) 



































0 0.5 1.0 1:5 2.0 2.5 3.0 3.5 


Input voltage (М) 
Figure 9.6 | Bus Hold current characteristics 


Summary 


The AVC family offers a solution for new designs needing the highest performance 
in 1.8 V, 2.5 V, and 3.3V systems. AVC offers a line of bus interface functions for 
today's high performance, low voltage systems. 
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9.5 The AUP Logic Family 


Introduction to family / General description 


The AUP family of Si-gate CMOS devices uses advanced process technology and 
next generation packaging technology to create extremely small functions that 
consume very little power. The devices are available in single (1С), dual (2G) and 
triple (3G) gate formats. 


Multiple standard, combination and configurable logic Functions are available in the 
AUP family as well as low threshold input variants and dual supply voltage level 
translators. 


Due to its advanced process technology AUP provides very low static and dynamic 
power dissipation. 


Applications 


The AUP logic devices are specifically designed for battery powered mobile 
applications with which are demanding low energy consumption for operation. 
Examples are: 


* Cellular handsets and smart phones * Consumer entertainment 
* MP3 players and mobile video players (LCD TVs, DVD+R/W systems, STBs) 
e DSCs and digital camcorders * Portable instrumentation 
* Portable handhelds 
(PDAs, GPS devices, notebook PCs) 


The low propagation delay and the wide voltage range are making this family 
suitable for mixed voltage applications. 3.6 V tolerant inputs enable a device 
supplied at 1.8V to interface between 3.3 V and 1.8V systems. Options with 
low-threshold inputs (1T) can interface between 1.2 V and 3.3V systems when 
supplied with 3.3 V. The portfolio also includes dual supply uni-directional and 
bi-directional voltage level translators. Schmitt trigger action at all inputs improves 
noise immunity and makes the circuit tolerant to slower input rise and fall times 
across the entire range of supply voltage. 


Construction 


The AUP family devices are built in СМО5035 technology with a gate length of 
350nm. The process technology is Pb-free, RoHS and Dark Green compliant. Bond 
wiring is done with copper. 
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Input Output structures 


The AUP family devices are built with overvoltage tolerant input stages (3.6 V) and 
allows a supply range of 0.8V to 3.6V. 


All configurable logic devices have Schmitt trigger inputs with -400 mV Hysteresis 
@\/сс = 1.2 V. Some Buffer, Inverter апа МАМО gate types have Schmitt-trigger 
inputs as well. All other devices have Schmitt-trigger actions, which causes a smaller 
hysteresis of about 60 mV @Vcc= 1.2 V. The hysteresis leads to a higher noise 
immuniLy. 


It is recommended to drive all logic inputs with a defined value, not to leave them 
Floating. 


Input figures 
There are two types of input circuits in the AUP family. 


Schmitt-trigger action input — This input has a small amount of hysteresis built 
into the input switching levels. The hysteresis is not Formally specified but it does 
allow the input to be tolerant to input slew rates as high as 20 ns/V at Vcc =1.65V 
to 2.7 V and 10ns/V at Vcc 2 2.7 V to 5.5 V. The Schmitt-trigger action input may be 
preceded by a bus-hold cell to define unused inputs. This bus-hold cell does not 
affect the performance of the device. 


Schmitt-trigger input — This input has much higher input hysteresis which is 
Formally specified іп the datasheet. The advantage of true Schmitt-trigger inputs is 
that they are tolerant to very slow edges. 


The following figures show a side by side comparison of the IV characteristics of the 
Schmitt-trigger action input and the Schmitt-trigger input. 








Icc (uA) 


Schmitt action input "| 


Ісс (uA) 


| Schmitt trigger input 








aaa-007368 
aaa-007358 
















































































0 15 М(М) 


1.2V Schmitt action 1.2V Schmitt trigger 


No, 


л 
i 
Е 
© 
ш 
ы 
о 
е) 
a 
























































































































































































































































































































































































































































































































































Q nexperia | Design Engineer's Guide Logic Application Handbook е 
л л 
9 = A gz 160 A Ф 12 Q = С 9 
4 = Schmitt action input 5; = - Schmitt trigger input e. Е Schmitt action input | 2 & tt trigger i га и 
E 8 © У L Vcc 2 1.5 V © 9 Vcc 2 3.3 V © 9 V © E 
(o Е Е Е E (o 
(ГЕ (ГЕ 
A 4 
zy о 
E 80 0.6 -— 
15 м (V) E 0.5 1.0 15 м (V) Eo 1.0 2.0 3.0 40 М((М) 40 М(\) 
1.5V Schmitt action 1.5 V Schmitt trigger 3.3V Schmitt action 3.3V Schmitt trigger 
"v E F Е Output figures 
i Schmitt action input Г? з L Schmitt trigger i 2%; : . . І 
Е Усс-1.8У S CER Е An AUP device provides a balanced 1.9 mA output drive at Усс-1.8У. The Following 
fü fü 
© 9 table of output Figures shows the measured output characteristics of the AUP 
Family devices for 1.2 V, 1.54, 1.8V, 2.5 V and 3.3V. 
80 
E ES = 6 e 
« Са < С? 
Е Q Б | Standard output га 
= Vcc =1.2V о T Мае 11.2 МИ © 
S © 5 © 
fà © 
fü fü 
0 
0 0.5 1.0 15 2.0 мМ (№) (V) 
-3 
1.8V Schmitt action 1.8V Schmitt trigger 
2 X a о E 
E Schmitt action input ГО Е - Schmitt trigger input (р ЕГЕ е ШШ 
9 S 9 -Усс-2.5У S = ке | 
со со -6 
СО ГО 0 0.5 1.0 1.5 Vo(V) 0 0.5 1.0 1.5 Vo(V) 
lo. at 1.2V lon at 1.2 V 
0.4 
2.5 М (№) $ 0 0.5 1.0 1145 2.0 25 М (№) 





2.5 V Schmitt action 2.5 V Schmitt trigger 
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л мл 
ОЈ — 10 e 2. КЕ о о ~ ОЈ 
= < m ч m E m < m = 
— Е Standard output ed Е Standard output m Standard output ГО Е ГО — 
= = о = о т Мес М (e = © 
Е © 5 © 8 © 5 © Е 
О © 0 го © fü 
5 , |. ЕНІНЕН , 5 
P dim ijs а раса s 
= НН 22 = 
B 5 COCCO [3] 5%; 
НИЕ 
Ж 
Ж 
A J Ж _ 
— 25°C min oe 25°C min ранни a 25°С min ~ 
= 85°Cmin ~ — 85°Cmin ~ / H-- = 85'Cmin ~ 
—— 125°C ті = Were nt m рст 
д min 125“С min [ШЇ ЕШ ШЕШ 125°С тїп Р 
0 0.5 1.0 1.5 Мо (№) 0 0.5 1.0 1.5 Мо (№) 0 1 2 3 4 Vo(V) 0 1 2 3 4 Vo(V) 
lo; at 1.5 V lon at 1.5 V lo. at 3.3 V lon at 3.3 V 
N 2210 са 
+ < SF 
а G& F Standard output са 
о т BV cc MESI о 
e E © 
om gs] 
Б Б Operating Conditions 
Е . . . 
e E Table 24: Limiting values 
2 
= p ore 2 
С Symbol | Parameter Conditions | ма | Max Unit 
чи 25"C min | «---» 25°Cmin | 
А 85°C min | | —— 85°C min 
0 0.5 1.0 1.5 2.0 Vo(V) 255 0.5 1.0 1.5 2.0 Vo(V) 
Active mode and 05 ШО, V 
lo, at 1.8V lou at 1.8V Power-down mode 
a 28 Si = ° + 
Е | Standard output m Е | Standard output ea Vo < 0 V -50 = mA 
E | Усс-2.5У © = | Усс-2.5У © 
fü fü 
= +50 mA 
14 14 -50 = mA 
-65 +150 “С 
ame 25°C min - ae 25°C min 4 
= 85°C min —— 85°C min 
А 125°Cmin | А 125°Cmin | 
% 0.5 1.0 1.5 2.0 2.5 Vo(V) 20 0.5 1.0 1.5 2.0 2.5 Vo(V) 


lol at 2.5V lon at 2.5 V 
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4 Table 25: Recommended operating conditions 4 
өлен T Tamb Tamb e= 
а € o o 
Im = D +85 C 1125 € ки 
F Мес supply voltage 0,8 3,6 V т Е 7 
[LI Це о . . о шен 
o Vi input voltage 0 3,6 V a ә Min Max | Мп Мах e 
— Vo output voltage Active mode 0 Vcc V Vou  HlGH-level | Vie Viu or Vit = 
output | 
i . lo=-20 uA; 
Power-down mode; 0 36 V ПЕЕ б Е H Меј. m M 7 
Усс-0У се 0.1 0.1 0.11 
0.8 to 3.6 V 
Tomb ambient temperature -40 +125 C 
lo=-1.1 MA; 0.75x Е Й 0.7 x E 0.6 x а V 
At/AV X input transition rise and Vcc=0.8 to 3.6V Е Vee= lv Vcc Vcc Vcc 
200 ns/V 
fall rate EEUU 
с ЕЛІ = = 1,03 = 0,93 = V 
lo=-1.9 mA; be р E 
Table 26: Static characteristics Vcc=1.65V 5 ics Tult y 
Tomb Tame mdr MEC ME eee ln 
_ л ОССЕ 23N 
5 = -40°C to -40°C to 
© S +85°С is (а матта Мес ра e 
Ы Е Усс-2.3У ј 
Це је; : с 
а. U Min Max | Min Max = . 
| ге ОССЕ ЕЕ 
ИТ Vcc=0.8V олох о 505 , а 
input Vcc Vcc Vcc lo = -4.0 mA; 26 Е Е 2 55 Е 230 Е V 
E Vc T EMEN CONNU |, ui uiid 
0.9 to 1.95V се Vcc Vice Vo.  LOW-evel V)=Vin or Vit 
output Е 
Мсс= А К lo- 20 uA; 
ІІ ІС pe ШЕ ы E o- Е ОИЕ АШЛЫ ШЕ 
ШЕЕ 0.8 to 3.6V 
SOM е loz 1.1 mA; |155) Е 
ПШПШ ШЕШ г... 0.30х 0.30 x 0.25 x ы Мав “сс 
TE - - у 
input Мес МСС МСС ос 1.7 mA; а E 0.34 Е 0.37 В 041 vV 
E Vcc | (8) (8-і 7а ше. 
0.9 to 1.95\/ Мес Vcc Vcc lo=1.9 mA; Е а 0.31 2 055 Е 039 \/ 
Усс- МЕСЕ 6500 i ! 
- = | = = - (|5 
2 3 9:29 Of on |о. = 2.3 MA; Е Е 031 Е 033 Е 036 V 
ТЕСЕ Vee = ABN ' : | 
" — - 0,9 = 0,9 - 0,9 V 
3.0 to 3.6 V : і : lo2 3.1 mA; Е 
Vice a2 2 0,44 0,45 050 V 
ос 2.7 mA; Е Е Е Е 
127 0,31 0,33 0,36 V 
йы о | aso] ¥ 


Vcc=3.0V 
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lOFF 


Alorr 


Icc 


Alcc 


[1] One input at Vcc - 0.6 V, other input at Vcc ог GND. 


u 
J) 
о 
Фф 
Е 
со 
ы 
со 
а. 


input 
leakage 
current 


power-off 
leakage 
current 


additional 
power-off 
leakage 
current 


supply 
current 


additional 


supply 
current 


Conditions 


Vi СМО to 
3.6V; Vcc=0 = 
to 3.6V 


Vior Vo= 
О to 3.6 V; 
Vcc=0V 


Vior Vo=0 
to 3.6 V; 
Vcc =0 to 
0.2 V 


Vi=GND or 
Vcc; Іо= ОА; 
Мсс=0.8 to 
Boy 


Vi=Vec- 
0.6V; (ое QA: 
Мсс=3.3\/ 
рег ріп [1] 


Table 27: Dynamic characteristics 


Parameter 


Gj, =5 DF 


а 


propagation 
delay 


л 
с 
је, 

i 

gz 
с 
о 

U 


GP to QOO) 

Vcc =0.8 V 
Vcc=1.1 to 1.3 V 
Vcc = 1.4 to 1.6 V 
Vcc = 1.65 to 1.95 V 
Мес 2.3 КО 2.7 V 
Мсс=3.0 to 3.6V 


Min Typ* Max 


15) 
2,4 
1,9 
1 
165 


0,5 


40 


Tamb 
Do 


25,4 
о 
4,5 
3,5 
205 
202 


ТатБ 


-40°C to 
+85°С 


Мїп 


14,0 
TS 
SÉ 
BO 
x1 


0,9 


50 


Tamb 


-40 


°C to 


+85°C 


Min 


Мах 


3,4 


Tamb 


-40°C to 
+125°С 


Міп 


Мах 


20.75 


+0.75 


20:75 


75 


Tamb 
-40°C to 
+125°C 


Min 


Max 


ОЈ 


МА 


UA 


UA 


UA 


mA 





ња 


Fmax 


C, 2 15pF 


pd 


Parameter 


propagation 
delay 


maximum 
frequency 


propagation 
delay 


л 
с 

9 

= 

(= 

[ә] 

UO 

БО О 
Mac. OVI 


Vee= 1:1 to 1.3. V. 
Мес“ 1.4 to 1.6V 
Мсс= 1.65 to 1.95V 
Месо 2.3 to 2.7V 
Мсс=3.0 to 3.6 V 
RD to Q, Q; [1] 
Усс-0.8У 
Vcc=1.1 to 1.3\/ 
Vcc = 1.4 to 1.6 V 
Мсс= 1.65 to 1.95 V 
Vcc=2.3 to 2.7 V 
Vcc =3.0 to 3.6 V 
CP 

Vcc=0.8 V 
Vee= 1 Vio 1 33V 
Vee= 1-4 to 1.6\/ 
Vec=1.65 to 1.95\/ 
Vcc=2.3 to 2.7 V 
Vcc =3.0 to 3.6 V 


CP to OO 
Усс-0.8У 
Усс-1.1%01.3У 
Усс-1.4 to 1.6V 
Усс-1.65 to 1.95V 
Vcc=2.3 to 2.7 V 
Vcc =3.0 to 3.6 V 


19,6 
5,6 
4,0 
3,3 
2 
25 


19/2 
5,5 
3,9 
22 
2,6 
2,4 


53 
203 
347 
435 
550 
619 


ТатБ 
-40°C to 
+85°С 


Мїп Мах 


2:52 BINA 
eue | ба 
ШЕ 156 
ІІІ ТА 
ТЕ 2212 
2,95. КІЗ 
2 | es 
Та 56 
INE 
БИКЛЕ 
TOM = 
ЗОВЕ 
2001 
Z9 0p 
ЗОО — 


ТатБ 
-40°C to 
+125°C 


Min Max 


255 ШЕГЕ 
рл TES 
ІШІ ЕЕ 9 
ІШІК 42 
15138 
ЕЛЕГЕ 
22 ЗА 
59059 
КЕ 3 
ІШЕ |5272 
18095 = 
ЗОО = 
ЗОО - 
480 - 
Su s 





ns 
ns 
ns 
NS 
NS 


NS 


NS 
NS 
NS 
NS 
NS 


NS 


MHz 
MHz 
MHz 
MHz 
MHz 
MHz 
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л л 
= т » Tamb Tamb ч ? T Tamb Tamb = 
= 2 6 -40'C Lo -40°C to В 6 75°С -40'C Lo -40°C to E 
m E = oS (С 125 C E E xe C 125€ Іш 
3 © © А (o б т : | ы 
c а. U Min Мах | Min Max а. U Min Тур“ Мах | Min Мах Min Max о 
9 Ба propagation 50 to Q, Q; 1] tw pulsewidth | SD or RD LOW 3 
dew VES "Xr JEMEN ЕИ E E 
Vcc=1.1 to 1.3 V 5559 l Зет TALA | Si al СА a ШЕ БЛ S Vcc=1.4 to 1.6 V = 2,3 = 6,2 = 6,4 = П5 
Мсс= 1.4 to 1.6V IA | 52 | @5 | 29 | 90| 2® | 951 ns Vees КОШОК КОБАН MES 1,8 = 4,8 = 5,0 = П5 
\/сс= ПӘ od 9s | 26 | 459 | б& | 25 | ТЛ | дэ | „э | ПЕ Wee 2.3 to 2.7 V = 1,2 = 33 = 3,5 = П5 
Мсс=2.3 to 2.7 V 2 | 57 | D1 М 55 | 22 |58 | ne Vcc =3.0 to 3.6 V = 1,1 = 2,6 = 2,8 = П5 
Мсс=3.0 0367 25 | 35 | 46 | 2& | 50 | 24 | 52 | ns Esu set-up time О to CP HIGH 
RD to Q, Q; [1] Vee=0.8 V - 34 - - - - - ns 
Vcc =0.8 V - 261 - - - - - П5 Moos bor. 5 V - 0,6 - 12 - 12 — П5 
Vcc=1.1 to 1.3\/ 2 | n2 |145| 31 |150| 3,1 |152| NS Vcc=1.4 to 1.6 V = 0,3 = 0,6 = 0,6 = П5 
Vcc=1.4 to 1.6V БАШ | 51 | 84I A7 | 92| 24 |97 | nS Veem Ја Ол POSNI ES 0,4 = 0,5 = 0,5 = П5 
ИСС FOSO ТӘН ЛЗ | бз | 2© | „э | 2® | Т7 | ШЕ Мсс= 2.3 to 2.7 V = 0,2 = 0,4 = 0,4 = П5 
acc 2: 59 |30] 50/241 55| 241581 NS Vcc =3.0 to 3.6 V = 0,3 = 0,4 - 0,4 - П5 
Мсс= 3.0 to 3.6 V 24 34 46 23 50 23 52 nS D to CP LOW 
[тах maximum CP Vcc=0.8V — 3,0 — — — — — П5 
EL ,--о5у -< |р | | [| е Мсс=1.1 to 1.3V -|05|-(2|- (тај [ms 
Vee= to 1.3\/ = | led = | 120] = |120] = Mmk Vcc=1.4 to 1.6 V = 0,3 = 0,7 = 0,7 = П5 
Vccz 1.4 to 1.6V = | 501 = |90] = |160) Е Vees FOSO 15У | = 0,4 = 0,7 = 0,7 = П5 
Vee- oslo 9s | = а _ EO (UU —_ ENTIS ИСЕ 2-5 CO о = 0,5 = 0,7 = 0,7 = ns 
Мсс=2.3 to 2.7 V = |422| = |200] = |270] = ye Vcc =3.0 to 3.6 V = 0,6 = 0,8 = 0,8 = П5 
МСС O35 V due со 270 се 05) E th hold time D to CP 
tw pulsewidth CP HIGH or LOW Mies dotato) 12220 zu ы ш MEO ЫЕ ЕЕЕ 
= 124! 3.2775 27! = | ins месе 1.4 to 1.6V =ош ZS EM Е 
Wec= 1.460 6V = ее Б Е ШБ eis МСЕ бзш с | OF | е Е 900108 7-2 т: 
Vec=1.65t01.95V - 09 - 16 - 16 - ns Vcc=2.3 to 2.7 V |= Шел се ИКЕ о 
Vec=2.3 у = 06 = 17 - 17 - ns Vcc- 3.0 to 3.6 V ЕЕ EO ЗАС ПЕ 
Мсс= 3.0 to 3.6\/ = 0,6 = 1,9 = 1,9 = ns 
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Power calculations 
Tamb Tamb 


-40°C to | -40°C to The static power consumption calculation is much dependent on the input voltage 
+85 С +125 С level: if itis properly set to either Vcc or GND level, we can use the static supply 
current Icc For calculating the power consumption: Pstatic= Мес X Icc 


Parameter 
Conditions 


Min Мах Min Max 





л N 
i i 
Е Е 
m © 
Tw Tw 
= S 
о о 
е) е) 
2 аг 


In case Vin is at some intermediate level and the device is operating іп undefined 
state, both NMOS and PMOS transistors of the input stage may be conducting and 










RD 


Neca dto 5v - -05 - -09 - -09 - ns 
then we need to use the 
Мсс= 1.4 to 1.6\/ = -02 = -06 = -06 = П5 
ОАА) (ЕСЕ КЫ ЕНГЕ Тһе dynamic power consumption calculation is: 


МЕИ - -01 - -0,1 - -01 - ns 
Мсс= 3.0 to 3.6\/ = 1-01 = -01 - -01 - П5 р 2 
50 Payn = Cpp X Vec x fix + (0, X Voc X fol 
Vees OM 3v - -05 - -03 - -03 - ns 
Мес“ 1.4 Eo 1.6V - -04 - -0,1 — -0,1 = ns 
СЕЕ ОЗОТ Е cd 28 Ора o e ers Where: 
Усс- 2.3 Го 2.7 V ze E UE CEN E Б fj - input frequency in MHz Мес number of inputs switching 
Мсс= 3.0 to 3.6V Ет ИЕ АС: fo = output Frequency іп MHz 2 (CL x Vcc? x Fo) 2 sum of inputs 
fi=1 MHz; Vic GND to Vcc [2] Сі = output load capacitance in pF 
Мсс=0.8\/ - 2,8 = = x: = = pF 
Va tot) | Кл de cen ee IF 5s Special Features 
Мес- 1.4 to 1.6\/ - 3,0 = = = - - Е : TT 
= 2 AUP devices аге fully specified Гог " 
Maes eno ОХ ја сој сој оо сој ој ро partial power-down applications that à 
СЕЛО =) 85 |= | =) = | = | сој БЕ use the lorr feature. The lorr circuitry 1A 1Y 3 
Vcc 3.0 to 3.6V - 39 - - - - - pF disables the output, preventing damage 
* All typical values are measured at nominal Vcc. caused by backrlow Coren pong 2A 2Y 
[1] tpa is the same as Ерин and н. through the device when it is powered 
[2] Cpp is used to determine the dynamic power dissipation (Pp in UW). down. 


Combination logic offers two or more 
Unique Functions in a single package. Figure 9.7a | Stand-alone combination logic 
The Functions are either stand alone or 
they can be cascaded. 


Figure 9.7a shows a buffer and inverter 
with no internal connection as a 
stand-alone example and Figure 9.7b С 
shows the output of an AND gate being 

applied to one of the inputs of an OR 

gate as a cascaded example. 


о> 
ааа-032367 


Figure 9.7b | Cascaded combination logic 
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Combination logic is typically the integration of discrete logic solutions to known 
issues on PCB. Solutions based on combination logic have lower total cost, 
including pick and place cost, and reduced PCB area. It also helps to optimize and 
simplify the PCB layout and signal routing. 


An overview of Features available For the AUP logic family: 


* Low threshold inputs * Open drain outputs 
e Schmitt-Trigger/Schmitt Action inputs * Power-off protection (lorr) 
• 3.6V tolerant I/O's • Dual supply translations 


Summary 


Designed for high-performance, low-power applications, these low-voltage, Si-gate 
CMOS devices provide logic solutions with very low static and dynamic power 
dissipation. Some key Features are: 


Very low dynamic power dissipation (CPD) 

tpa OF 2.5 ns at Vcc of 2.5V 

Wide supply voltage range (0.8 V to 3.6 V) 
Schmitt-trigger action on all inputs 
Low-threshold input options 

1.9 mA balanced output drive 

Over-voltage tolerant I/Os 

Fully specified (-40 to +85°C and -40 to +125°C) 
Automotive options (-Q100 suffix) 

Pb-Free, ROHS compliant and Dark Green 
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9.6 The AXP Logic Family 


Introduction to family / 
General description 


The AXP family of Si-gate CMOS devices 
uses low threshold process technology 
and next-generation packaging to 
deliver extremely small logic Functions. 
All AXP solutions offer low propagation 
delay and standby current, enabling 
both high-speed and low power 
dissipation capacitance Applications. 


AXP provides higher speed than AUP 
but retains low power dissipation 
capacitance (CPD). Because of its use of 
low threshold transistors, AXP is the 
First logic Family Fully specified at 0.8 V, 
allowing to migrate applications from 
1.8V and 1.2V easily. 


Types released in AXP technology can 
support overvoltage-tolerant inputs, 
Schmitt-trigger inputs, low-threshold 
inputs, partial power-down circuitry and 
open-drain outputs. 


Input Output figures 


Input Figures 


Construction 


The AXP family devices are built in C050 
process with a gate length of 250 nm. 
This approach results in a typical input 
capacitance of 0.5 pF. AXP devices are 
modelled as a 0.8 pF capacitance on the 
input supply (СРО!) and a 7.6 pF 
capacitance on the output supply 
(CPDO). The power consumption 
capacitance, Cpp, is typically at 2.9 pF. 
The process technology is Pb-free, RoHS 
and Dark Green compliant. Bond wiring 
is done with copper. 


Input Output structures 


The AXP family devices are built with 
overvoltage tolerant input stages (3.6 V) 
and allows a supply range of 0.7 V to 
2T 5V: 


It is recommended to drive all logic 
inputs with a defined value, not to leave 
them Floating. 


The АХР inputs are fully specified for supply voltage ranges of 2.3-2.7 V, 1.65- 
1.95V, 1.4-1.6 V, 1.1-1.3V and 0.75-0.85 V. The ESD protection circuit used results 
in the input being over voltage tolerant to 2.75 V. This tolerance permits the 
application of input signals that exceed the supply voltage. The input options 
include Schmitt-trigger inputs and Schmitt-trigger action inputs. Schmitt-trigger 
action makes the input tolerant of slower input transition rates. Hysteresis is not 
specified, but the input can tolerate input transition rise and fall rates of 200 ns/V. 
Schmitt-trigger inputs include an input hysteresis specification and have no 


restriction on input transition rates. 
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О The following figures show the typical characteristics of The following figures show the typical characteristics of o 
= the Schmitt-trigger action input. the Schmitt-trigger input. = 
Е Е 
17 Со 
LL. LL. 
M z m т 280 S = © = © ы 
сл = © = © z © z © о 
2 ~ B _ Э 3 5 Еј 5 © 
- a E го © E 
140 
Vi (V) d 0 0.5 1.0 ДЕБ 20 \М(\у) 0 0.5 1.0 ДЕБ 2.0 25 WMi(V) 20 V|(V) 
2.5 V Schmitt action 1.8V Schmitt action 2.5 V Schmitt trigger 1.8V Schmitt trigger 
= um = E = 300 S = 100 = 
= Е E 2 Š 5 5 BREED: 
| : l : | : l НЕ 
| , | I SSSR 
Vi (V) 0 0.5 1.0 15 Vi(V) 0 0.5 1.0 15 м (№) 0 0.5 1.0 15 Vj (V) 
1.5 V Schmitt action 1.2V Schmitt action 1.5 V Schmitt trigger 1.2V Schmitt trigger 
z ? = = A 
= © = © 
= © = © 
| E 
um 05 КО 0 0.5 10 М (№) 








0.8V Schmitt action 0.8V Schmitt trigger 
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A Output figures E Й o 
om @& Se Ses Ses Hea SSE se a sss arise! t+ ЕЕЕ ЕЕЕ ЕЕ ВЕЕ ЕЕЕ”, ч med 
= | А ННІ 5 и: E 
E The output is fully specified for supply voltage ranges of 4.5-5.5 V, 3.0-3.6 V, О Lopes Es t bet dd tnt RET e 5°) БШШ ЕЕЕ ШШЕ ЕЕ ЕР. NOE. = 
т Е m ШЕШШ иши ишини ии иш иш и © б 
Lu 2.3-2.7 V, 1.65-1.95V and 1.4-1.6 V. To support partial power down mode, the © EEan 9 Tw 
ы output features lorr, which ensures there is no current leakage path through the И = 
o : : jpg o 
О outputs when the device supply voltage is set to 0 V. - 7 РУ о 
==] B ==] 

m 
СП 
СОП 
ae A = mA H 
Е со Е со - 
Е e I N L| 
ED о 9 © Ej 
" Е E 
со © 0 O -48 
а 0.5 1.0 1.5 2.0 2.5 Vo(V) 0 0.5 1.0 1.5 2.0 2.5 Vo(V) 
a lop at 2.5V lop at 2.5 V 
x = = + 
Е ші 2 со 
—— 25°Ctyp | © © 5 S 
— 25°C min 0 © 
oe 85°Cmin ~ со со 
d ШЕШЕНЕ 
0 1.0 20 3.0 4.0 5.0 Vo(V) 0 1.0 2.0 3.0 4.0 5.0 Vo(V) 
lo, at 5.0V Іон at 5.0V 
— о = о 
4 80 E: 4 0 + 
= с = сы j 
+ e 5 e 
S ü 0 0.5 1.0 1.5 2.0 Vo(V) 2.0 Vo(V) 
ЕА ре lo, at 1.8% lou at 1.8V 
— о сна Кеј 
E d B ЕШ 3 
E = scm - m E -- 5 
—— 85°C тіп — 85°C min E ШЕ © 
5% 0.5 1.0 Шо AM 5 30 3.5 Vo(V) 80, 1.0 2.0 3.0 40 Vo(V) и 
loL at 3.5V lou at 3.5V 28 
—— 25%С Еур 
ii mea Т 
ШЕ aoe 85°С min 7 
15 Vo(V) DEG 0.5 1.0 1.5 Vo(V) 


lol at 1.5 V он at 1.5 V 
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4 E А т Table 29: Recommended operating conditions o 
= i E : = 
: E г Етика É 
17 m m 17 
u. 0,7 5 V ы. 
z3 В ы 
сл B 0 2005 V о 
$ i >” $ 
3 Active mode 0 Vcc V 
E Power-down mode; 0 275 V 
—— 25“С кур 
= ор 
. - —— 85 Сппіп -40 +85 °C 
0 0.5 1.0 1.5 Vo(V) 0 0.5 1.0 1.5 Vo(V) 
0 200 ns/V 
lo, at 1.2V lou at 1.2V 
Operating Conditions 
Table 30: Static characteristics 
Table 28: Limiting values At recommended operating conditions, unless otherwise specified; 
voltages are referenced to GND (ground - 0 V). 
-0,5 +3,3 V 
Vc supplyvoltage — f Т Tamb 
Кеј 
Мо inputvoltage |000» 05 аз V = z 
а. ы Мах 
Мсс= 
- 2.3 Ко 2.7V hs ІШ Y 
я Я Мсс= 
* The minimum input and output voltage ratings may be exceeded if the input and output current Vcc= 
ratings are observed. КЕЗЕК” = = 0.35 Vcc — 0.35Vcc V 
245 - 0,7 - ШЕ |2 


2 3:92 V 
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VoH 


VoL 


lOFF 


Alorr 


Parameter 


HIGH-level 
output 
voltage 


LOW-level 
output 
voltage 


input 
leakage 
current 


power-off 
leakage 
current 


additional 
power- off 
leakage 
current 


supply 
current 


Conditions 


lo=-20 uA; 
Vcc=0.7V 


lo=-100 pA; 
Мсс=0.75\/ 


lo=-2 MA; 
Vcc=1.1V 


lo=-3 ТА; 
Vcc=1.4V 


lo =-4.5 mA; 
Мсс=1.65\/ 


lo=-8 mA; 
Vcc=2.3V 


|о=20цА; 
Мсс=0.7\/ 


І0- 100 А; 
Мсс=0.75\/ 


lo= 2 MA; 
Мсс=1.1\/ 


Іо- 3 mA; 
Vcc=1.4V 


lo=4.5 ТА; 
Мсс=1.65\/ 


ос 8 MA; 
VeeS AON 


Vi=0 to 2.75V; 
Vcc = О to 
275.7 (iil 


Vi or Vo= 
0 to 2.75V; 
Мес ОМ [1] 


Vi or Vo= 
OV or2 751 
Мсс=0 Eo. 1 V 


[1] 


Vi=OV or Vcc; 
lo=0A [1] 


0,02 


0,215 


0,35 


0,45 


0,3 


Tamb 
-40°C to +85°C 


Max 


= 0,275 


= 0,45 


UA 


UA 


UA 


UA 


Parameter 
Conditions 


Alcc additional VI 


supply lo 
current 


=Vcc-0.5V; 
=0А; - 
Vcc=2.5V 


[1] Typical values are measured at Vcc= 1.2 V. 


Table 31: Dynamic characteristics 


Voltages are referenced to GND (ground - 0 V) 


u 
Фф 
о 
Фф 
Е 
fü 
(= 
о 
а 


tpg X propagation 


delay 


tt transition time 
СІ input 
capacitance 
Co output 
capacitance 
Cpp power 


* All typical values are measured at nominal Vcc. 
[1] tpa is the same as ќын and Ерні. 


[2 


| 
| 
| 


dissipation 
capacitance 


Conditions 


АК ОҮ[1] 
Мсс=0.75 to 0.85.7 
Vcc=1.1 ТЭУ 
Мсс= 1.4 to 1.6V 
Мсс= 1.65 to 1.95\/ 
Мсс=2.3 to 2.7 V 
Vcc22.7 V [2] 


Vi=0V or Vcc; 
Vcc =0 to 2.75V 
Vo=0V; 
Vcc=0V 


A= ОМИ V= 0V to Vac [3] 


Мсс= 0.75 to 0.85 V 
Vcc=1.1 to 1.3 V 
Vcc = 1.4 to 1.6 V 
Vcc= 1.65 to 1.95 V 
МЕСЕ 2.3 tO 2. / V 


tt is the same as tru, and Син. 


4,3 


[3] Cpp is used to determine the dynamic power dissipation (Pp in UW). 


7,0 


ТатБ 
-40°C to +85°С 


Мїп Мах 


Tamb 
-40°C to 
+85°С 


Мїп Мах 


2 100 
1,7 73 
з 5l 
|] 4,1 
0,9 3,1 
1,0 = 





UA 





NS 
NS 
NS 
NS 
NS 


NS 


DF 


DF 


pF 
pF 
pF 
pF 
pF 
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Power calculations 


The static power consumption calculation is much dependent on the input voltage 
level: if it is properly set to either Vcc or GND level, we can use the static supply 
current Icc For calculating the power consumption: Pstatic= Мес X Icc 


In case Vin is at some intermediate level and the device is operating in undefined 
state, both NMOS and PMOS transistors of the input stage may be conducting and 
then we need to use the 


The dynamic power consumption calculation is: 


Payn = Cpp X Усс X fi хм У [G х Vec* x fol 


Where: 


= input frequency in MHz 
Fo - output frequency in MHz 
C, = output load capacitance in pF 


Vcc » number of inputs switching 
2 (CL x Vcc? x Fo) 2 sum of inputs 


Special Features 


Wide supply voltage range and fully specified at 0.8 V 

Very low dynamic power dissipation & standby current (0.6 uA) 
Typical 2.9 ns low propagation delay at Vcc of 1.8V 

Schmitt action on all inputs & overvoltage tolerant inputs 

+4.5 тА balanced output drive 


Summary 


Designed for high-performance, low-power applications, these low-voltage, Si-gate 
CMOS devices provide logic solutions with very low static and dynamic power 
dissipation. 
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9.7 The LVT/ALVT Logic Family 


Introduction to family / General description 


Nexperia has two low voltage families optimized for backplane driving applications: 
LVT (Low Voltage Technology) and ALVT (Advanced LVT). The purpose of this note 
is to provide better insight into both Families For optimal use by designers in their 
applications. 


ALVT family devices are intended primarily For fast low voltage bus driver 
applications, especially driving low bus impedances such as backplanes. For this 
range of applications, a number of parameters are important such as operating 
voltage range, propagation delay, drive capability and power. Other important 
factors, discussed below, are power-up/down characteristics, 5 Volt input and 
output capability, bus hold and ground bounce. 


Construction 


Both families are fabricated using ОЏВС, an advanced BiCMOS process, where the 
best properties of bipolar transistors (т = 17 GHz) are combined with optimized 
CMOS (0.65-0.8 micron). In addition, special components can be built in such as 
Schottky diodes and zener diodes for specific requirements. QUBiC processing 
enables short propagation delay times combined with low power dissipation, low 
noise and high output drive. The process also allows low temperature dependency 
of AC and DC characteristics. 


Due to the trade-off between speed and ground bounce, ALVT Focuses on bus-wide 
devices with multiple GND and Vcc pins (flow-through architecture). ALVT devices 
have versions with built-in damping resistors (For example, 2244 or 162244) to 
minimize undershoot, especially for driving memory busses. 


ALVT is different From ІМТ in two ways. First ALVT is Fully specified at Vcc- 2.5 V, 
and second, it is about 4096 faster than LVT. Due to the trade-off between speed 
and ground bounce, ALVT focuses on bus-wide devices with multiple GND and Vcc 
pins (Flow-through architecture). Having the same speed in a standard pin 8 bit 
device would require the speed to be tuned down to a level comparable to LVT. As 
a result, LVT has a much wider product portfolio with a variety of 8 to 10-bit bus 
Functions and also some very fast, lower drive gates and flip-flops. Both Families 
have versions with built-in damping resistors (for example, 2244 ог 162244) to 
minimize undershoot, especially for driving memory busses. 
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Input Output structures 


Figure 9.8 gives a simplified version of the internal buffer circuit, with the output 
enable Function (OE) and other details (some of which will be discussed later) 
omitted. Its purpose is to show the basic aspects of the internal circuit so that 
applying LVT circuits is made easier and certain aspects of the datasheet are 
clarified. The input uses a small CMOS inverter stage with a low input capacitance, 
SO No drive energy is needed. The output LOW is bipolar (Q4) with a small (M7) in 
parallel, and the output HIGH is a combination of a bipolar transistor (Q2) and 
PMOS (M4) to pull the output to the full Vcc. Bipolar transistors introduce less 
bounce than pure CMOS. The NMOS М7 is very small and therefore does not affect 
ground bounce. The PMOS transistor M4 is delayed via the inverters INV1/INV2 so 
that it becomes active somewhat later than Q2 with only a minimal effect on Vcc 
bounce. This construction enables the best possible trade-off between speed and 
bounce. 


Усс 


ааа-032311 


OUT 


Figure 9.8 | Simplified ALVT circuit 
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The drive of Q2 in the active HIGH state, taken care of by M1, M2 and Q1, is 
standard Гог advanced BICMOS and makes optimum use of MOS and bipolar 
transistors to get the fastest, lowest internal capacitance inverter. M3 ensures a 
Fast turn-off of Q2 when the output goes LOW or into 3-state. When the output is 
Forced LOW, a 'power-on-demand' circuit is activated. A one shot delivers Q4 with a 
high base current (via M5, R1 and Q3), which will quickly pull the output low. 
Additional base current is provided via M6/R2 and R3. The path M6/R2 is connected 
to the output voltage via a very fast comparator. When the output drops lower 
than approximately 1 V, the current path via M6/R2 is blocked. The diodes D2/D3 
prevent deep saturation of Q4 to enable quick turn-off. 


This, at first sight, rather complex circuit ensures a very fast transition to around 

1 V, and below that value the output voltage smooths out somewhat so that the 
amount of ringing generated is kept to a minimum. Also, when the output is active 
LOW, a very low current is drained from the supply voltage. When a glitch appears 
on the output trying to pull the output HIGH, the diodes D2/D3 stop conducting, 
providing base current into Q3/Q4 so that the bus is pulled LOW again. This 
structure provides an excellent dynamic behavior, little ringing and good glitch 
suppression combined with low power dissipation. When the output is in 3-state or 
active HIGH, only a small bias current flows (For the power-up/down circuit 
discussed in Section 3.1) while in the active LOW state some current flows via R3, 
which may vary somewhat among part types. Therefore Іссн and Iccz are low, while 
Іссі is somewhat higher. 


It is recommended to drive all logic inputs with a defined value, not to leave them 
Floating. 
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Input and Output figures 


Input Figures for ALVT 


Idd (A) didd-f(Vin) & Vdd-2V7 


8,0E-03 
7,0E-03 
6,0E-03 == 
5,0Е-03 
4,0E-03 
3,0E-03 
2,0E-03 


1,0E-03 














0,0E+00 
0,0 0,5 1,0 195 2,0 XS) 3,0 


Vin (V) 


ALVT input curves at 2V7 


Idd (A) didd=f(Vin) © Vdd=3V3 


3,0E-02 





2,5E-02 





2,0E-02 


1,5E-02 





1,0E-02 


5,0E-03 




















0,0E+00 
0,0 0,5 1,0 LS 2,0 DIE 3,0 3b 


ALVT input curves at 3V3 


Idd (A) 
5,0E-02 
4,5E-02 
4,0E-02 
3,5E-02 
3,0E-02 
2,5E-02 
2,0E-02 
1,5E-02 
1,0E-02 
5,0E-03 
0,0E+00 


-5,0Е-03 


didd-f(Vin) @ Vdd=2V7 
| | 


—— 25“ С кур 
—— 25°C min 
== 85°C min 
—— 125°C min 


























0,0 0,5 1,0 15 2,0 25 3,0 


Vin (V) 


ALVT Schmitt-Trigger input curves at 2V7 


Idd (A) 


8,0Е-02 
7,0Е-02 
6,0Е-02 
5,0Е-02 
4,0Е-02 
3,0E-02 
2,0E-02 
1,0E-02 
0,0E+00 


-1,0E-02 


ALVT S 


didd-f(Vin) @ Vdd=3V3 
| | 


— 25^ Ctyp 
-— 25°C min 
а= 85'Cmin _ | 
—— 125*C min 




































0,0 0,5 1,0 195 2,0 2:5 3,0 3 


Vin (V) 


chmitt-Trigger input curves at 3V3 


Input Figures for LVT 
















































Idd (A) didd-f(Vin) & Vdd-2V7 
2,5E-03 
25*C typ 
25*C min 
2,0E-03 85*C min 
125*C min 
1,5E-03 
1,0E-03 
5,0E-04 
0,0E+00 
0,0 0,5 1,0 15 2,0 25 3,0 
Vin (V) 
LVT input curves at 2V7 
Idd (A) didd=f(Vin) & Vdd=3V3 
1,2E-02 
| | 
= 25°Ctyp 
1,0E-02 = 25°C min 
a= 85°C min 
ome 125°C min 
8,0E-03 
6,0E-03 
4,0E-03 
2,0E-03 
0,0E«00 
0,0 0,5 10 1,5 2,0 2,5 3,0 3,5 
Vin (V) 
LVT input curves at 3V3 
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ІМТ Schmitt-Trigger input curves at 2V7 
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ІМТ Schmitt-Trigger input curves at 3V3 
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Output figures for ALVT 
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ALVT output curves at 2V7 
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ALVT output curves at 3V3 
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0,0 0,5 1,0 185 2,0 2,5 3,0 
Vout (V) 
LVT output curves at 2V7 


lo. (А) 
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Operating Conditions of ALVT Table 34: Static characteristics 


Table 32: Limiting values A 
Vcc=2.5V + 0.2\/ 
тас кеше || Ст ме ыы лы 
Vik inputclamping Усс-2.3У:ік--18тА 





л л 
i i 
Е Е 
© © 
Tw Tw 
= S 
о о 
е) е) 
аг 2 





supply voltage -0,5 +4,6 voltage 
VI input voltage z -1,2 O V Мін HIGH-level input 07 Е Е V 
Vo output voltage output in OFF-state or _05 +70 V voltage 
HIGH-state * | М. LOW-level input E Е 07 V 
ІК input clamping current Vi«0V - -50 mA voltage 
lok output clamping current Vo«0 V = -50 mA Уон ior ња ee | 50, iu VCC = V 
g-- À 
lo output current output in LOW-state = 128 mA 7 23V.| S 18 2n V 
CES o=-0 m , I # 
output in HIGH-state — -64 mA 
VoL LOW-level Vec=2 е 10004 - 0,07 0,2 V 
Tstg junction temperature -65 +150 M output voltage LOG ROOMS - a Т 
paco = Е | | 
Т storage temperature "s - 150 NE TE ЕТ Т 
C6562 V, lo=0 m E B , 
* The input and output negative voltage ratings may be exceeded if the input and output clamp Voip) ^ Power-up Wee T WE е 
current ratings are observed. i КОХ Ve or GND [1] ' Е Е 0.55 V 
** The performance capability of a high-performance integrated circuit in conjunction with its ОИ РЕ 
thermal environment can create junction temperatures which are detrimental to reliability. Р 9 
| input leakage all input pins 
| 7 аА Усс-0У or 2.7 V; Vi 5.5% TEMPE 
Table 33: Recommended operating conditions [2] i ' р 
g с Vcc= Мсс = control pins 
Е = 2.5V*0.2V | 3.3V+0.3V Vcc 2 2.7 V; Vj» Мес or GND Е 0i T] ША 
c Е 
a © Min Max | Min Max data pins; [2] 
Ма а Dye - 0,1 1 А 
Мсс supply voltage 253 2,7 3,0 3,6 V os enn H 
Усс=^ VF OV - 0,1 =5 A 
VI input voltage 0 5,5 0 5,5 V s | H 
lOFF power-off Vcc=0V; Vion Vo=0 to 
- = + 
он ШӘ ш = -8 = -12 mA leakage current 4.5V us о pa 
current 
IBHL bus hold LOW data inputs; Vcc=2.3V; 
Ке pd HS M none = |} ЧЕЧЕ | oe current Vi=0.7V а i 
current 
um ІВНН bus hold HIGH data inputs; Мсс= 2.3 V; 
- -10 - А 
At/AV input transition rise бриз Е 10 Е 10: ns/V СТЕ VETE H 
and fall rate 
| external current output in HIGH-state when 
Vane ambient temperature free-air -40 +85 -40 +85 "E G Vo үл ос Бај Е 10 125 ЦА 


VeeS ASN 
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и a 
M ызы. ыз ме ығ ние ECT XN E 
Е Іо(ри/ра)  power-up/ Vcc< 1.2 V; Vo=0.5 V to Vol(p) power-up Vcc=3.6 V; lo=1 mA; = 
LL power-down Мес" Е 1 ШІ LOW-level Vi 2 Vcc or GND [1] - - 0,55 V LL. 
M output current — Vj СМО or Vcc; Е output voltage ы 
о GE 2 den о 
О Поа = 808 5] [ input leakage all input pins; 2 
loz OFF-state Vcc = 2.7 V; МЕЧЕ Or Vig current V ЛГ A 01 10 A 
output current ole a ' Н 
Оа ое - 0,5 5 А control pins 
= | H i 
Мсс= 3.6\/; Vi=Vec ог GND - 0,1 +1 UA 


output LOW-state; 








- 0,5 -5 А 
Vo=0.5V H data pins; [2] 

ІСС supply current Vee=—2./ V; V= GNP or Vcc; lo=0A Vcc = 3.6 V; Vi=Vcc = 0,5 1 МА 
outputs HIGH-state - 0,04 0,1 mA Vcc =3.6 V; Vi=0V - 0,1 =5 МА 
outputs LOW-state - 273 4,5 mA | ОЕЕ На или ња Ky OV; Vi or Vo=0 to Е 0,1 £100 ША 
outputs disabled [4] 0,04 0,1 mA 9 | 

Ме additional per input pin; Vcc =2.3 to вни bus hold LOW — data inputs; Усс-3У; js 130 EU 

| current М 09 
supply current 2./ V; one input at E 0.04 04 TS 
Vcc - 0.6 V; other inputs at | | IBHH bus hold HIGH | data inputs; Усс- 3У; -75 4,0 _ А 
Vcc or GND [5] current Vie 2.0\/ Н 
С input capacitan- М|-0УогУсс Е 3 _ ale IBHLO bus hold LOW data inputs; Vcc=3.6V; 
ce overdrive Vi - 0 to 3.6V [6] 500 - - UA 
Co output Мос ОМ ог Мес Е 9 Е ale Current 
capacitance ІВННО bus hold HIGH data inputs; Мсс= 3.6 V; 

Vec=3.3V +0.3V overdrive ДЕЛІ 6] -500 - - UA 

current 

Ук а ы Mee ON Ks ade ii. = -0,85 -1,2 V lex external current output іп HIGH-state when 

: 2222 = ЕТ 

Мн ШЫ input 2.0 Е Е V Vcc=3.0V 

9 Іо(ри/ра)  power-up/ Мсс< 1.2 V; Vo=0.5V to 
ViL LOW-level input power-down Мес; 
— - = + 
voltage ои id output current Vi=GND or Vcc; | ар do 
Есе | 7 
Мон HIGH-level Мсс= 3.0 to 3.6\/; Vcc- V Ж V ng dient: eme qr] 
output voltage — |o 2-100 UA 0.2 of loz OFF-state cce VISIO 
Vec=3.0V; 10=-32 тА AE 8 |7 ourbur current output HIGH-state; "mo ки 
Мос 3.0% ! 
Mgr LOW-level Усс-3.0У а 
output voltage о 100рА E 0,07 0,2 V output LOW-state; Е 0,5 5 ЦА 
Vo=0.5V 
lo=16MA = 0,25 0,4 V 
lo=32MA - 0,3 0,5 V 
ос 64 mA - 0,4 0,55 V 
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л л 
E се Та ос нн ие шиш с 
Е supply current Moesia e Vi= GND or Vee lo=0A Срн7 HIGH to OFF-state nOE to ПОП Е 
opagation dela ш 2 2 
RS outputs HIGH-state — 0,07 0,1 mA us cond = x 
єт LOW FF- E 5 
= outputs LOW-state > 5,1 7 тА PLZ MALA E cou CE CM lene т 
= propagation delay hr 
outputs disabled [4] T A Жү. Esu set-up time nDn to nCP HIGH 1.5 0,1 = ns 
Alcc additional per input pin; Vcc 3 to nDn to nCP LOW 2.0 0,5 т E 
supply current 3.6%; 
one input at Vcc - 0.6 V; — 0,04 0,4 mA Eh hold time nDn to nCP HIGH 0,3 -0,5 - ns 
other inputs at Vcc or GND 
Б] i Се nDn to nCP LOW ШЕР |7201 - ns 
G BEER oj. | А : tw pulse width nCP HIGH or LOW 1,5 - - П5 
се Р Птпах maximum frequency  nCP 150 - - MHz 
Co output Мо=0\/ or Vcc а 9 Е F Vcc =3.3V + 0.3V 
capacitance р 
(рун LOW to HIGH nCP to nOn 10 32 50 ќа 
* All typical values for Vcc2 2.5 V £0.2V are measured at Vcc- 2.5 V and Tamb=25°C. propagation delay 
All typical values for Vcc2 3.3 V £0.3V are measured at Vcc 2 3.3V and Татр = 25°С. 
t HIGH to LOW nCP to nOn 
[1] For valid test results, data must not be loaded into the flip-flops (or latches) after applying power. ioc robscation dela 9 1,0 3,2 4,7 П5 
[2] Unused pins at Vcc ог GND. dips y а 
[3] This parameter is valid for апу Vcc between OV and 1.2\/ with a transition time of up to 10 ms. рун OFF-state to HIGH пОЕ to nOn 10 34 56 
From Мес: 1.2V to (2.5 0.2) V a transition time of 100 us is permitted. This parameter is valid for propagation delay } i ; i 
Тать=25 °С only. CHEM: 
[4] Icc with outputs disabled is measured with outputs pulled to Vcc or GND. рл. OFF-state to LOW ПОЕ to поп 0,5 28 3 ns 
[5] This is the increase in supply current for each input at the specified voltage level other than Vcc or propagation delay 
GND | | | | | рну HIGH to OFF-state nOE to nQn 
[6] This is the bus hold overdrive current required to force the input to the opposite logic state. 178 2 E ns 
у наци propagation delay 
[7] This parameter is valid for any Vcc between OV and 1.2V with a transition time of up to 10 ms. - 
From Усс-1,2У%0(3.3%0.3) V a transition time of 100 us is permitted. This parameter is valid for Срі 7 LOW to OFF-state nOE to nQn 
T. 2259 1,5 3,0 4.3 ns 
amb = 25 °С only. propagation delay 
Esu set-up time nDn to nCP HIGH or E 
| u LOW 1,5 0,1 ns 
Table 35: Dynamic characteristics 
Eh hold time HIGH nDn to nCP HIGH or 05 0.4 І 22 
= но нем [Un ои 2t 





Vcc =2.5V + 0.2% tw pulse width nCP HIGH or LOW 1,5 = = П5 


ірін LOW to HIGH nCP to nQn imax maximum frequency  nCP 150 — — MHz 


à 1,0 44 7,0 П5 
propagation delay | : 
* All typical values for Vcc2 2.5 V £0.2 V are measured at Vcc2 2.5 V and Tamb= 25°С. 
Срні. HIGH to LOW nCP to nOn All typical values for Vcc2 3.3 V £0.3V are measured at Vcc 2 3.3V and Tamb 225 °С. 


| 1,0 3,8 6,4 П5 
propagation delay 


Ер?н OFF-state to HIGH ПОЕ to nQn 


| 1/5 4,6 CS ns 
propagation delay 


Ері OFF-state to LOW nOE to nQn 


i 1,0 2,8 4,6 ns 
propagation delay 
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Operating Conditions of LVT 


Table 36: Limiting values 


кн кеме || емсе ы ы СТ 


supply voltage -0,5 +4,6 
VI input voltage 5: -0,5 +7,0 V 
Vo output voltage DREAM state or ЕК E V 
ІК input clamping current Vi«0V -50 - mA 
lok output clamping current ^ Vo «0V -50 - mA 
lo output current output in LOW-state = 128 mA 
output in HIGH-state -64 - mA 
Tstg junction temperature -65 +150 M 
Tj storage temperature ia - +150 КО 


* The input and output negative voltage ratings may be exceeded if the input and output clamp 
current ratings are observed. 
** The performance capability of a high-performance integrated circuit in conjunction with its 
thermal environment can create junction temperatures which are detrimental to reliability. 


Table 37: Recommended operating conditions 


нің меее елен ірін тн нм 


supply voltage 


Vi input voltage 0 - БАБ V 

At/AV input transition rise outputs enabled Е Е 10 у 
and fall rate 

Tamb ambient temperature -40 - +85 C 
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Table 38: Static characteristics 


Мк 


Мін 


ми 


Мон 


Мо 


Іон 


lOFF 


IBHL 


IBHH 


IBHLO 


= 
Фф 
о 
Фф 
= 
Це 
ы 
со 
а. 


input clamping 
voltage 


HIGH-level input 
voltage 


LOW-level input 
voltage 


HIGH-level output 
voltage 


LOW-level output 
voltage 


HIGH-level output 
current 


LOW-level output 
current 


power-up 
LOW-level output 
voltage 


input leakage 
current 


power-off leakage 
current 


bus hold LOW 
current 


bus hold HIGH 
current 


bus hold LOW 
overdrive current 


Conditions 


Мсс= 2.7 V; lyz-18mA 


Tamb 


-40°C to +85°C 


Min 


Typ* 











— -0,85 -1,2 V 
2,0 — — V 
— — 0,8 V 
Vcc-3.0V; lou 2-12 mA 2.0 S А V 
Vcc=3.0V; loj = 12 mA В В 0,8 V 
— — -12 MA 
- - 12 mA 
Vee= 3.0: lo= ИА; 
=GND or Vcc [1] — 0,1 0,55 V 
all input pins [2] 
Vcc=0V ог3.6\/;\Мү=5.5\/ — 0,4 10 UA 
control pins [2] 
Мсс=3.6\/; Vi=Vcc on GND — 0,1 +1 ЏА 
I/O data pins; Vcc =3.6V [2] 
МЕСЕ = 0,1 1 UA 
М2 0 — -0,4 -5 UA 
Vec=0 Vi or Vo=0 to 
- + 
45V 0,1 100 pA 
ШЕЛ inputs; Vcc=3 V; Е 
Vi20.8V 75 135 ЏА 
ШЕЛІ inputs; Vcc=3V; 
-20V 75 135 UA 
nDn inputs; Vcc=3.6V; 500 H А ТА 


= ООО 
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4 Table 39: Dynamic characteristics Q 
om (= л Т. Ь om 
— Т) (es am — 
= a LE LJ 
= Ф Б SAIC 9516 z л Tene = 
fa 2 Е 5 б А А б 
Hs = 5 z = -40*C to +85°C Tu 
= а. о Min Тур“ Мах = E 9 
e Е © Min Typ М о 
Ө ІВННО bus hold HIGH прп inputs; Мсс= 3.6 V; Е Е | ца р УР ВА B 
overdrive current — Vi-Oto 3.6V [3] Fmax maximum frequency | nCP; Усс- 3.0 to 3.6V 150 = = MHz 
ІСЕХ output high output in HIGH-state when (рн LOW to HIGH nCP to nQn 
leakage current Vo deo eis enm V. E 50 125 FUA propagation delay Ve--2 7V z Е 62 "m 
Мсс=3.0\/ ж ! 
Мсс= 3.0 to 3.6 V 1,5 3,0 5,3 П5 
Іо(ри/ра) ромег-ир/ Noes Кусу о 
power-down Vji2GNDorVcec;nOE-dont ~ 1 +100 pA CPHL HIGH to LOW пСР to nQn 
output current care [4] propagation delay Vee= 2e hw) - - 55 ns 
loz OFF-state output Vcc =3.6 V; ЕУ Or VII Vcc = 3.0 to 3.6 V 1,5 3,0 4,9 ns 
current EE э КИ (а ран OFF-state to НІСН nOEto nQn 
propagation delay E Т E 
(се supply current МЕСЕ ЗБУ МЕ СМО or Vcc; lo=0A Усс- Suo o oon Lg 25 2d i 
m som D mos д [р OFF-state to LOW ПОЕ to nQn 
ӘСЕР | | m propagation delay ecco v Е Е 6,0 ЕЕ 
outputs LOW - 4 6 гпА 
Мсс= 3.0 to 3.6\/ 1,5 22 4,9 П5 
outputs disabled [5] - 007 O12 MEA, ЕГЕ HIGH to OFF-state AOE ko On 
Alcc additional supply per input pin; Vcc=3 to propagation delay VEU в Е E n 
current 3.6V; one input at 01 02 TA ј 
Vcc - 0.6 V; other inputs Ale ! ! Vcc=3.0 to 3.6 V 1,5 35 5,4 NS 
Vcc or GND [6] ығ LOW to OFF-state nOE to nQn 
Ci input capacitance Vi=0V or 3.0V — 3 - рЕ propagation delay Мсс=2.7\/ — — 5,1 П5 
Со output capacitance outputs disabled: Е 5 Е pF Мес“ 3.0 Со 5.6 V 1,5 3,2 5,0 П5 
Уо-0Уог3.0У E set-up time nDn to nCP 
* All typical values are measured at Vcc 2 3.3 V and Tamp 7 25°С. = 2,0 Е Е П5 
[1] For valid test results, data must not be loaded into the flip-flops after applying power. Vcc23.0 to 3.6V 20 (7 E ns 
[2] Unused pins at Vcc or GND. | 
[3] This is the bus-hold overdrive current required to Force the input to the opposite logic state. Ch hold time nDn to nCP 
[4] This parameter is valid for any Vcc between OV and 1.2V with a transition time of up to 10 ms. Мес 2.7 V 0,1 = = по 
From Мес: 1.2 V to Vcc2 3.3 Ми 0.3 М a transition time of 100 us is permitted. This parameter is И 
valid for Tamb =25°C only. Усс= 3.0 to 3.6V 0,8 0 7 n 
[5] Icc is measured with outputs pulled to Vcc or GND. Кин pulse width HIGH nCP 
[6] This is the increase in supply current for each input at the specified voltage level other than Vcc or 
GND ОССЕ 2N 15 - - ns 
Мсс=3.0о3.6\/ 1:5 0,6 - П5 
twL pulse width LOW nCP 
Veas eN 3,0 = = П5 
Мсс=3.0 to 3.6 V 3,0 1,6 — П5 


* Typical values are measured at Vcc=3.3V and Тать=25 °С. 





O 


N 
i 
Е 
Го 
ш 
= 
о 
е) 
2 





пехрегіа | Design Engineer's Guide 





Special Features 
Powering-up/Powering-down 


LVT and ALVT have a feature that is useful for live insertion and removal. A circuit is 
built into these Families that monitors the supply voltage and ensures that the 
output is Forced to a 3-state mode when Vcc is lower than 1.2 V. Then, the transistor 
does not conduct and the external OE signal is overruled and the output goes into 
3-state mode. Normally, when removing a board in a live system, the power supply 
is removed first and high currents into the output circuit are prevented. Above 

1.2V the transistor will start to conduct and the part may again become active (i.e., 
the external OE enables the output). It's the task of the system designer to ensure 
that an external circuit forces the correct OE signal when Усс is higher than 1.2 V. 


OE 
Q— — — — — OUTPUT 


ааа-032312 


ІМРОТ 





Voc 


GND 


Figure 9.9 | Power-up state 
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Bus Hold 


All ALVT products have integrated bus 
hold inputs. A bus hold circuit allows 
CMOS input pins to be left open: the 
input is always defined to be LOW or 
HIGH via the small MOS transistors that 
serve as dynamic pull-up or pull-down 
resistors. To allow 5V on the inputs, a 
Schottky diode is inserted between 
input and the PMOS transistor, blocking 
any current Vcc, even when the part is 
powered down. 


aaa-032313 


INPUT 


Figure 9.10 | Bus Hold circuit 


Summary 


Both LVT and ALVT logic families are optimized for use as backplane drivers. These 
parts combine very Fast switching with low power dissipation. The clever design 
makes them an ideal choice for use in backplanes in high-end EDP and telecom 
applications. In other areas also where very short propagation delays are a must, 
both Families excel. Added features such as automatic 3-state when the part's 
output is tied to a higher voltage make them an ideal choice in many mixed mode 
3V—5 V systems. 
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FAQ 








пехрегја | Design Engineer's Guide 





What is the maximum operating frequency of a logic device? 

Datasheets for synchronous logic devices (clock dependent) provide a maximum 
operating frequency (example 74HC165 is rated at 56 MHz maximum frequency at 
specific voltage/drive values). Datasheets For asynchronous logic devices (general 
gates, not clock dependent) do not typically provide this data. In general, logic 
devices can be clocked to about 100 MHz before capacitive loading of the PCB and 
external circuitry become the limiting Factor. IBIS models are available for most 
devices which allow simulation at specific user frequencies. 


What are the output drive of various logic families? 
Nexperia logic devices have output drive capability between 3 mA (HEF-family) and 
100 mA (NPIC). See Appendix for complete table of output drive current by Family 


What is the difference between a Schmitt Trigger and 

Schmitt Trigger "Action" input? 

Schmitt Trigger adds hysteresis to an input signal to reduce the impact of noise 
that occurs around the transition point. "True" Schmitt triggers will list two 
switching thresholds in the datasheet for Vt (LO-HI transition) and Vt- (HI-LO 
transition). The Schmitt Trigger feature allows input signals with long transitions 
times. There is no maximum input transition Fall and rise rate to be obeyed (At/AV). 


Schmitt Trigger "Action" inputs will have a much smaller hysteresis that is not 
specified in the datasheet (no Vt+/Vt- listing), a maximum transition fall and rise 
rate is required Гог the input signals, like For a standard logic input. 


A standard (non-Schmitt or any type) input will have time/volt rise time of 

10-20ns max. A Schmitt trigger "action" input will have a time/volt rise time of 
20-100ns max. A "true" Schmitt trigger device will have an essentially infinite time/ 
volt rise time. 


What happens to a logic gate above or below the maximum 

rated temperature? 

Operation of a logic device should be limited to the datasheet rating (Ta 2 –40°С to 
+125°С for most devices). 


Operation above this rating can exceed the maximum junction temperature 
(+150°С) and impact lifetime or lead to damage the device. Operation below this 
rating may cause the device to violate the datasheet specifications for power/ 
voltage/timing (due to temperature-reduced on-state resistance). 


Logic Application Handbook 





What is the operating lifetime of a logic gate? 

Operating lifetime is a measure of how long the device will operate in a biased 
(powered on) condition. Logic devices have no specific design liFetime and with 
MTBF calculated at 304 billion hours (74AUP1G08GM) gates may operate “forever”. 
Real world applications show that devices powered continually For over 50 years 
show no sign of degradation. 


What is the expected manufacturing EOL of a logic gate? 

Nexperia logic devices have extremely long manufacturing liFetimes: some have 
been in continuous production since the 1970's. For timelines into the Future, see 
our "Longevity" section on the website which lists devices (by package type) which 
are guaranteed to be in production for at least 10 years. In general: “ме will make 
parts until customers stop buying them" 


What is the difference between gold and copper wire bonding? 

Historically integrated circuits used gold bond wire between the package 
leadframe and the die. This was due to the ease of attaching gold wire to the die 
pads. Recent innovations in copper ultrasonic welding now makes it possible to 
wire bond with copper. Besides the much lower cost for the wire, copper is actually 
a better conductor than gold (conductivity of copper - 58 От-" and for 

gold 245 Om"). 


Are logic functions standardized by part number? 

Logic device part numbers from all logic suppliers contain a standard "Function part 
number" following the process family. For example 74LVC08 indicates a logic 
device in the LVC process family and "08" indicates the function in a "two input 
AND”. See the appendix for list of most common function numbers. 


Сап I supply a signal voltage to an input/output when Vccz0 V? 

Older logic families may consume excess power and may even "back-drive" the 
device (leak enough power from the input/output pins to the Vcc supply rail to 
inadvertently energize the logic device). Newer logic families (LVC, AUP, AXP, LV-A 
etc.) have a Feature called “loge” which isolates the output pins from the internal 
circuits of the logic device when Усс-0. At the input the over-voltage tolerance 
Feature lets the inputs stay high-ohmic without a supply voltage. In this case there 
is no diode path from the input to the Усс rail (see input stage schematics in the 
logic family chapters). 
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Can І drive an LED directly from a logic gate? 

It depends. LEDs consume from a few mA to amps of drive current. Logic Families 
can drive from a few mA to 24 mA (LVC Family) or even 100 mA (NPIC Family). Always 
confirm that the output drive of the Logic family is compatible with the drive 
requirements of the LED. 


Can I pull up an open-drain output to higher than Vcc? 

Consult the datasheet for the Vo specification. For example, the 74НС06 (triple 
inverter with open-drain outputs) has а Vcc rating of 2.0V-6.0 V and a Vo of OV to 
Vcc. However, the 74LVC1G06 (single inverter with open-drain output) has a “сс 
range of 1.65 V-5.5V and Vo range of 0V-5.5V. The output of the HC cannot 
exceed Vcc but the output of the LVC variant can. 


Can І use a gate to drive the Vcc of the rest of the circuit? 

Can it discharge the Vcc capacitance? 

The output drive capability of the supplying logic gate must always be observed. 
See the Appendix listing of output drive capability of a logic family. As the receiving 
logic gate will have a decoupling capacitor Vcc to ground, the inrush charging 
current of the capacitor must be added to the calculation. 


Сап І use a Nexperia logic device for military or aerospace or 

life critical applications? 

Nexperia logic device datasheets explicitly state "Nexperia products are not 
designed, authorized or warranted to be suitable for use in life support, life-critical 
or safety-critical systems or equipment, nor in applications where failure or 
malfunction of a Nexperia product can reasonably be expected to result in personal 
injury, death or severe property or environmental damage. Nexperia and its 
suppliers accept no liability For inclusion and/or use of Nexperia products in such 
equipment or applications and therefore such inclusion and/or use is at the 
customer's own risk". 


What is the most common mode of failure of a logic device? 

The primary Failure modes of logic gates are EOS (Electrical Over Stress) or ESD 
(Electro Static Discharge). EOS typically occurs when exceeding the output drive 
capability of the device, resulting in localized die heating and damage. FA (Failure 
Analysis) reports will show thermal damage to the die near the output drive 
transistors. ESD damage occurs when voltage exceeding the ESD protection level 
of the device (typically 2 kV) enters through an input or output pin and causes 
vaporization or burn-through of an internal trace (usually not one of the output 
drivers which are more robust in general) 
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How do the AUP and AUC logic families compare? 

AUP and AUC are both low voltage logic families (AUP Vcc range 0.8 V-3.6 V and 
AUC Vcc range 1 V-3.6 V). Propagation delay of the AUC Family is faster (1.5 ns 
versus 3.8 ns for AUP) while the static power consumption of AUP is less (0.5 uA 
versus 10uA for the AUC). AUP trades off some performance for lower power 
consumption. 


How сап cross reference from one vendor package to another? 

Most logic suppliers adhere to IEEE "SOT" package standards. For example, a 
SOT-363 will have the same mechanical dimensions across all suppliers. See the 
Appendix For a listing of the Packaging Codes for the most common industry 
package types. 


How сап cross reference from one vendor process to another? 

Logic process families (74HCxx, 74AUP1Gxx, etc.) were created to supporta 
particular microprocessor family in a particular timeframe, therefore all logic 
suppliers tend to use the same silicon process. Family name is usually the same (HC 
is same For all suppliers) but some families are not obvious. For a complete list of 
compatible logic process families, see the Appendix. 


How much heat does a part generate? How do | use thermal 

coefficient values? 

Device datasheets provide the Ptot (Total Power Dissipation) value, indicating the 
maximum power (heat) that the package type can dissipate. Thermal Resistance 
values (Rthg-a), ВЕН Со) are listed on the website (not the datasheet) and provide the 
thermal resistance from Junction-to-Ambient and Junction-to-Case in degrees 
Kelvin/Watt. To calculate the exact current consumption (and thus power 
dissipation) of a device in your specific application, see the Chapter on "Power 
Considerations" 


On dual supply devices, is there a restriction which supply has 

to be the higher or lower one of the two Vcc levels? 

Most dual voltage supply devices have no restriction if Veca) is the lower or higher 
supply compared to Vcc(g). This can be determined by the relationship of Veca) to 
Vcc(g). For example, the 74AVC4T245 datasheet indicates that Усс(д) and Vece) are 
both valid 0.8 V to 3.6 V and thus independent of each other (either can be higher/ 
lower than the other) For optimal system design you establish Vcc first if you are 
presenting signals to the “A” side of the device that references "Pins A and DIR are 
referenced to Усс(а)” (example 74AUP1T45) 
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What is a packing suffix? Why is it not in the datasheet? 

The packing suffix is part of the orderable number and indicates the method in 
which the devices are shipped. Example 74AUP1G080GM is available with а ‚132 
suffix (shipped as Reel 7" ОЗ/ТА orientation) or with а ,115 suffix (shipped as Reel 
7” Q1/T1 orientation). Some newer devices may include a single alphanumeric 
(example "X") in place of this three-digit number. Nexperia chooses not to include 
this information in the device datasheet as it has no bearing on the electrical 
characteristics of the device. For a complete listing of Nexperia packing codes, 
please see the appendix. Note that not all packing methods are available for all 
devices. Always consult our website for valid part/packing combinations. 


What are the modern replacements for historical TTL, LS, S 

logic devices? 

Historic logic families can sometimes be replaced with modern equivalents with 
certain precautions taken. Most legacy logic Families operated at 4.5 V—5.5 V with 
Tpd Propagation Delay speeds no faster than 10ns. The biggest difference to today 
logic devices is the amount of output drive required due to the large fanout 
requirements: often 16 mA-64 mA. Modern 74HCTxx and 74AHCTxx devices can 
match Vcc requirements and meet/exceed Tpd but output current is limited to 

8 mA. Carefully evaluate your actual output drive requirements to determine if 
74HCT/74AHCT are viable replacements. 


What does the suffix "-Q100" indicate? 

The Q100 suffix (example 7/4AHC1GOOGW-O1 00) indicates that the logic device has 
been designed and manufactured to pass Automotive AEC-Q100 QualiFication. 
Q100 devices have tightened process controls including: 1516949 and VDA 
approved production facilities, Flagged as automotive lots, subjected to additional 
process flow quality gates and stricter rules For lot dispositioning and maverick lot 
handling. For complete benefits of Q100 Logic, see our Q100 Logic portfolio 
Brochure 


What happens if | exceed the Vcc rating? 

Exceeding Усс For any period of time will cause higher-than-normal temperatures 
of the components on the die. Duration of the overvoltage and the amount of 
overvoltage will determine if there is an impact to the expected lifetime of the 
device based on increased Arrhenius Activation Energy. All datasheets include Vcc 
specifications under Limiting Values and Recommended Operating Conditions. 
Vcc operation under the wider Limiting Values will not affect device lifetime but 
may cause voltage/timing values in the datasheet to be exceeded. Always design 
For Recommended Operating Conditions 
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The AXP family only shows Vji/Vin values for certain ranges of Vcc. 

What if | want to operate between those ranges? 

As seen in the following graph, values of Vii/Vih are only provided For certain values 
of Vcc. The discontinuities between voltage ranges can be linearly approximated 
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Figure 10.1 | Input voltage ranges of the logic family AUP dependent on Vcc 


What is a Date Code and how do I read it? What do the top 

markings mean? 

The size of the logic package determines the amount/type of data printed. For 
large packages (greater than 10 pins) there will be three lines of information. Line 1 
contains the device part number. It may be concatenated for long part numbers 
(ex: 74AVC8T245 will concatenate to AVC8T245). Line 2 contains the Manufacturing 
Lot number (an internal number but useful for tracing batches for Failure Analysis). 
Line 3 contains the Manufacturing locations (Diffusion/Assembly/Test) and the 
Date Code (Format Year/week number). There may or may not be a Nexperia logo 
on the device: in some cases the older NXP logo will remain. For more details, see 
the Appendix. 


For smaller devices (8 pins and smaller) special coding is used due to space 
limitations. The device part number will be represented by a 3-digit alphanumeric 
code (this code is included in the datasheet). The date code is written in binary on 
the edges of the package: left side contains the Last Digit of Year 

(е 0110-6-2016), right side contains Month Number Code (ex: 0001 = January). 
See the Appendix for details 
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What is MSL and what does it have to do with package storage? 

MSL (Moisture Sensitivity Level) indicates the devices proclivity to absorbing 
humidity from the ambient environment. Absorbed humidity can cause issues 
during reflow and wave soldering operations (“popcorn” delamination of packages 
due to escape of trapped steam). Most Nexperia devices аге MSL- 1 which 
indicates an unlimited Floor (Ге out of the shipping bag (no effect to humidity). MSL 
data is available For each device on our website. 


What is MTBF and what does it tell me about the lifetime of a 

part? How does it compare to FIT? 

MTBF (Mean Time Between Failures) is a predicted elapsed time between inherent 
Failures of the logic device. It is inversely related to IFR measure in FITs. 


Intrinsic Failure Rate (IFR) 


The "plateau" of the failure rate curve consists of random failures, and the failure rate is 
relatively low and constant. This is the best behaviour observed in large populations of mature 
components, and is commonly referred to as the "useful life” of the product. The Intrinsic 
Failure Rate (IFR) is usually defined by the Failure-In-Time (FIT); one FIT being one failure in 1 
billion device hours of operation. 


The formula used to calculate the Intrinsic Failure Rate, expressed in FIT's, is as follows: 


n c(n) 
отли 
N-t-A 


Where 

IFR=Intrinsic Failure Rate in FIT N=Number of products tested 

n= Observed number of failures (excluding t- Duration of test at elevated temperature, 
early Failures!) in hours 

nc(n) = Corrected number of failures, using А = Arrhenius acceleration factor energy 
6096 confidence intervals with Poisson (EA - 0.7 eV, ТгеЁ= 55°С) 
Statistics 


Throughout this Quality Summary, the Arrhenius acceleration factor is calculated with an 
activation energy (Ед) of 0.7 eV and a reference temperature of 55°С. As in the case for the 
Early Failure Rate determination, the IFR calculations are based on the data collected from 
SHTL and DHTL tests (stresses with electrical bias at elevated temperature), and all FIT data 
are calculated by accumulating the applicable results over a period of 12 months. 


Mean Time Between Failures (MTBF) 


ІШЕР = се ы [hours] 
IFR- 107? 


Where 


MTBF = Mean Time Between Failures in hours — IFR-Intrinsic Failure Rate in FIT 
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What is RoHS, REACH and Green and Dark Green mean? 

These terms all indicate the compliance of the device to various environmental 
standards, EU RoHS Compliant, EU/CN RoHS Compliance, Halogen-Free, Lead-Free. 
Etc. 


For a complete listing, see our website at 
www.nexperia.com/quality/environmental-indicators 


What is the purpose of the center pad DQFN “BQ”-suf fix 

packages 

The center pad on the BQ package (example 74AVC2T245BQ SOT 763-1) was 
originally designed as heat pad for high power devices (Class D amplifiers. etc.). As 
logic devices have low power dissipation, this heat pad is no longer required but 
remains for package compatibility. Please note that the substrate is attached to 
this pad using conductive die attach material. There is no electrical or mechanical 
requirement to solder this pad. However, if it is soldered the solder land should 
remain Floating or be connected to GND or Vcc as indicated by the datasheet. Most 
devices allow connection to GND but select devices (ex. 74HC4051BQ) should 
connect only to Vcc. 


What is the difference between 74HC and 74HCT Families? (also 

74AHC and 74AHCT) 

The “T” in each of these indicates the family has been optimized For “TTL” input 
voltage levels. While both Families can operate at TTL supply levels Усс-4.5-5.5У 
(HC Family can operate 2.0-6.0 V), the HCT family inputs are matched to legacy TTL 
signal levels (Vii 1.2 V, Vin 1.6%) compared to HC (Vi 2 2.1, Vinz 2.4 V) at the same 
Vcc. Output drive for the two families is identical. HCT family has slightly slower 
propagation delay tpd. Because of the similarities, these two device families will 
share the same datasheet (ех: 74НСОО and 74НСТОО) 


What is the difference between A and non-A devices? 

An “A” suffix on a logic device (example 74LVC14A) indicates that the device has 
been redesigned, impacting one or more specifications from the original 
specification. The "A" suffix has a special meaning when used with the LV family, 
example indicating that the "A" version has the iOff feature (input/outputs are 
isolated when Усс-0). You should carefully evaluate any changes from the "non-A" 
to the "A" version before replacing it 
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What should I do with pins І don't need on a device? 

Unused input pins on all logic device must always be connected to Vcc or GND. 
Unconnected input pins will float due to intrinsic leakage paths on the die. As the 
signal voltage crosses a transition level (Vi, Мін), the device will switch outputs, 
causing a brief slump on the power supply rail. This slump in Vcc can cause the Vi, 
Vin levels to change, causing the device to switch output states back again. This 
creates an oscillation loop, resulting in high current consumption, possibly causing 
catastrophic damage to the device. Unused output-only pins can be left 
unterminated safely. 


Why do some buffers have termination resistors in them? 

Certain devices such as the 74LVC2245 have termination resistors in each of the 
output driver lines. This resistor is added for impedance matching into 50 ohm 
cables to reduce overshoot and undershoot. The second "2" in the part number 
differentiates this device from the standard output (no terminal resistor) 74LVC245 
device 


Why do the 74LVC2G74/1G74 have different part numbers but 

same function? Both are single gate but the part number 

indicates one has two gates included 

Nexperia (then Philips/NXP) created the original device 74LVC1G74 (single D-type 
Flip-Flop). A competitor released a functional equivalent later but named it the 
74LVC2G74. The exact reason is unknown: either a simple mistake or an ingenious 
method to create an apparent sole-source part number. To clear this confusion, 
Nexperia now provides the same silicon under either part number, 74LVC1G74 and 
74LVC2G74: one to match the original name and one to match the competition 
name. There is no electrical difFerence between these two devices and they are in 
Fact the same silicon, package and top marking. We apologize for any confusion this 
caused but we didn't start it! 


Why is the drive current of a device important? How does it 

relate to Vol and Voh? 

Each logic family has a maximum output drive capability. As the output load 
increases, Vou voltage levels fall respectively Vo, levels rise due to loading of the 
output stage. Past the maximum rated output drive of the family (example 74НСОО 
8 MA) Мо / Мон no longer meet standard TTL/LVTTL voltage levels. The maximum 
Icc supply current (found in Limiting Values of the datasheet) should not be used as 
maximum output drive capability. 
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Is it allowed to operate a device below the absolute Vcc limit 

rating but outside the recommended operating conditions? 

LiFetime testing has been performed for Recommended Values only. Operating 
above these limits can lead to reduced lifetime. Also note that Static and Dynamic 
parameters listed in the datasheet may not be accurate outside of Recommended 
Values. 


Why are the outputs of logic devices with flipflops not cleared 

after power-on? 

Devices from standard logic families have no dedicated power-on circuitry that puts 
the flip-Flops into a default condition after Vcc has been ramped up. For devices 
that have a reset pin, a reset cycle can be applied immediately after power is up. 
For this it needs to be mentioned that itis not allowed to connect a low active reset 
pin to Vcc directly. This approach does not work because the timing conditions for a 
proper reset action are not fulfilled. In Fig.xx a simple solution is depicted. A low 
pass filter is applied to the MR pin. The capacitor is charged from Усс by the resistor 
R and keeps low level For some time until Vcc has reached minimum voltage for 
proper operation and additional hold time has to be provided for the reset signal. 
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Figure 10.2 | Simple power-on reset generation for low-active reset pins 
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Top 10 Design Errors with Logic 


Violating Vin/Vout levels 

Violating setup/hold times in flip Flops 
and latched inputs 
Un-terminated/Floating inputs 

No decoupling capacitor 

Exceeding output drive capability 
(damage or low voltage levels) 
Exceeding Fmax 


Violating rise/fall times (and solutions) 
Operation outside of temperature 
range 

Understanding power calculations 
Understanding translation 
methodologies, (single/dual supply, 
selecting single Vcc) 
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List of Common 7400 and 4000 Logic Functions 
Typical nomenclature: 74HCxx or HEF4xxx 


Function Number Boolean Function Function Number Boolean Function 





-51 Dual 2-Wide 2-Input AND-OR-Invert -78 Dual J-K Flip-Flop with Preset, 
Gate Common Clear, and Common Clock 
; or Dual Negative Edge Triggered J-K 
Function Number Boolean Function Function Number Boolean Function -52 ЕхрапааМе 4-Wide 2-input AND-OR - л 


Gate 


Flip-Flop with Preset, Common Clear, 


-00 Quad 2-input МАМО gate -24 Quad 2-input МАМО gate gates with "rare ТЕ ТЕР E and Common Clock 
mb MES - xpandable 4-Wide 2-inpu я 
-01 m 2-input NAND gate with open ани trigger (пе _ шы КН -79 Dual D Flip-Flop 
collector outputs -25 Dual 4-input NOR gate with Strobe Е 
я 4 = d 2 - -54 — 4-Wide 2-Input AND-OR-Invert Gate 80 Gated Full Adder 
-02 uad 2-input NOR gate -26 uad 2-input NAND gate with 15V : fey 
Q | р 9 | ER d Mace ад РЕТІНЕН 81 16-bit Random Access Memory 
-03 Quad 2-input NAND gate with open (-H version is expandable) -82 . 2-bit Binary Full Adder 
collector outputs (difFerent pinout -27 . Triple 3-input NOR gate m EUN 
than 7401) -56 50:1 Frequency divider -83  4-bit Binary Full Adder 
-28 Quad 2-input NOR Buffer - 
-04 — Hex Inverter | -57 60:1 Frequency divider -84 16-bit Random Access Memory 
E Шаа 58 2-| С & 3-! t AND-OR Gat 85 4-bit M itude C t 
_ ; - -Іпри -Іпри - аге - -bit Magnitude Comparator 
05 = Hex Inverter with open collector -31 — Hex Delay Elements | 
outputs 4 -59 2-Input & 3-Input AND-OR-Invert -86 Quad 2-input XOR gate 
-32 uad 2-input OR gate 
-06 Нех Inverter Buffer/Driver with 30V 9 - = - i Gate -87 . 4-bit True/Complement/Zero/One 
open collector outputs -33 Quad 2-input NOR Buffer with open -60 Dual 4-input Expander Element 
| collector outputs | : 
-07 J HexBuffer/Driver with 30V open me | | -61 Triple 3-input Expander -88 | 256-bit Read-only memory 
-34 Low-power dual su translatin 
collector outputs rae i 3 -62 = 3-2-2-3-Input AND-OR Expander -89 64-bit Random Access Memory 
-08 Quad 2-input AND gate -36 Quad 2-input NOR Gate (different -63 Hex Current Sensing Interface Gates -90 Decade Counter (separate 
-09 o gate with open pinout than -02) 64 — 42-32-Input AND-OR-Invert Gate Divide-by-2 and Divide-by-5 sections) 
ур -37 Quad 2-input МАМО Buffer -65 — 42-32-Input AND-OR-Invert Gate = ds pi Serial In, Serial 
- riple 3-inpu ut, Gated Inpu 
SE TNS -38 Оџад 2-input МАМО Buffer with with open collector output Um 
ІІ ше: gie open collector outputs -66 — Single-pole single-throw analog GE а ee 
_ ; n | | ivide-by- ivide-by- 
12 Ше Ew се gate with open -39 Quad 2-input NAND Buffer switch um m ' 
collector outputs EEUU - -bit Binary Counter (separate 
-40 Dual 4-input NAND Buffer шл са ша i 
-13 Dual Schmitt trigger 4-input NAND ј m | | demultiplexer Divide-by-2 and Divide-by-8 sections) 
-41 Binary-coded decimal to Decima Е _bit Shi | : 
gate y Со ӨЧЕН TECUM mE 94  4-bitShift register, Dual Asynchro 
NONE Decoder/Nixie tube Driver nous Presets 
-14 Hex Schmitt trigger Inverter | -69 Dual 4 Bit Binary Counters 
! ' l -42 BCDto Decimal Decoder -95  4-bit Shift register, Parallel In, Parallel 
-15 Triple 3-input AND gate with open н -70 — AND-Gated Positive Edge Triggered 
collector outputs -43 — Excess-3 to Decimal Decoder | . деи Out, Serial Input 
| J-K Flip-Flop with Preset and Clear b llel llel hif 
-16 Нех Inverter Buffer/Driver with 15V -44 Ехсеѕѕ-3-Сгау code to Decimal d | = ја t Paralle-In/Parallel-Out Shift 
AC RN а Decoder -71 AND-OR-Gated J-K Master-Slave register, Asynchronous Preset 
Е P ; Flip-Flop with Preset or AND-Gated EUN EMEN 
-17 Нех Buffer/Driver with 15V open -45 ВСР to Decimal Decoder/Driver R-S Master-Slave Flip-Flop with | os y 
collector outputs -46 ВСР to Seven-segment display Preset and Clear чш std | 
-18 — Dual4-input МАМО gate with schmitt Decoder/Driver with 30V open -72 AND Gated J-K Master-Slave Flip-Flop -98 — 4-bit Data Selector/Storage Register 
trigger inputs collector outputs with Preset and Clear -99 4-bit Bidirectional Universal Shift 
-19 Hex Schmitt trigger Inverter -47 im to E: Decoder/Driver -73 Dual J-K Flip-Flop with Clear fe БЕ 
with 15V open collector outputs : -Bit Bi 
-20 Dual 4-input МАМО gate p шы -74 Dual D Positive Edge Triggered 100 Dual 4-Bit Bistable Latch 
ОРТА -48 BCD to 7-segment Decoder/Driver Flip-Flop with Preset and Clear -101 — AND-OR-Gated J-K Negative-Ed- 
with Internal Pullups :75 A-bit Bistable Latch ge-Triggered Flip-Flop with Preset 
-22  Dual4-Input МАМО gate with open : су. i я 
collector outputs "ue e o oue SEINS -76 | Dual J-K Flip-Flop with Preset and -102 AND-Gated J-K Negative-Edge-Trig- 
with open collector outputs (|с gered Flip-Flop with Preset and Clear 
-23 Expandable Dual 4-input NOR gate 
-50 Dual 2-Wide 2-input AND-OR-Invert В Е ve T 
with strobe i -77  4-bit Bistable Latch 103 Dual J-K Negative-Edge-Triggereó 


Gate (one gate expandable) 


Flip-Flop with Clear 
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Function Number Boolean Function Function Number Boolean Function 


-104 
-105 
-106 


-107 


-108 


-109 


-110 


-111 


-112 


-113 


-114 


-116 


-118 


-119 


-120 


-121 
-122 


-123 


-124 
-125 


-126 


-128 
-130 


-131 


-132 


J-K Master-Slave Flip-Flop 

J-K Master-Slave Flip-Flop 

Dual J-K Negative-Edge-Triggered 
Flip-Flop with Preset and Clear 


Dual J-K Flip-Flop with Clear or Dual 
J-K Negative-Edge-Triggered 
Flip-Flop with Clear 


Dual J-K Negative-Edge-Triggered 
Flip-Flop with Preset, Common Clear, 
and Common Clock 


Dual J-Not-K Positive-Edge-Triggered 
Flip-Flop with Clear and Preset 


AND-Gated J-K Master-Slave Flip-Flop 
with Data Lockout 


Dual J-K Master-Slave Flip-Flop with 
Data Lockout 


Dual J-K Negative-Edge-Triggered 
Flip-Flop with Clear and Preset 


Dual J-K Negative-Edge-Triggered 
Flip-Flop with Preset 


Dual J-K Negative-Edge-Triggered 
Flip-Flop with Preset, Common Clock 
and Clear 


Dual 4-bit Latches with Clear 
Hex Set/Reset Latch 

Hex Set/Reset Latch 

Dual Pulse Synchronizer/Drivers 
Monostable Multivibrator 


Retriggerable Monostable 
Multivibrator with Clear 


Dual Retriggerable Monostable 
Multivibrator with Clear 


Dual Voltage-Controlled Oscillator 


Quad Bus Buffer with Three-State 
Outputs, Negative Enable 


Quad Bus Buffer with Three-state 
Outputs, Positive Enable 


Quad 2-input NOR Line Driver 


Quad 2-input AND gate Buffer with 
30V open collector outputs 


Quad 2-input AND gate Buffer with 
15V open collector outputs 


Quad 2-input NAND Schmitt trigger 


-133 
-134 


-135 
-136 


-137 


-138 
-139 


-140 
-141 


-142 


-143 


-144 


-145 
-147 
-148 
-150 


-151 


-152 


-153 


-154 


-155 


-156 


-157 


-158 


13-Input NAND gate 


12-Input NAND gate with Three-state 
Output 


Quad Exclusive-OR/NOR Gate 


Quad 2-Input XOR gate with open 
collector outputs 


3 to 8-line Decoder/Demultiplexer 
with Address Latch 


3 to 8-line Decoder/Demultiplexer 


Dual 2 to 4-line Decoder/Demultiple- 
хег 


Dual 4-input МАМО Line Driver 


BCD to Decimal Decoder/Driver for 
cold-cathode indicator/NIXIE Tube 


Decade Counter/Latch/Decoder/ 
Driver For Nixie Tubes 


Decade Counter/Latch/De- 
coder/7-segment Driver, 15 тА 
Constant Current 


Decade Counter/Latch/De- 
coder/7-segment Driver, 15V open 
collector outputs 


BCD to Decimal Decoder/Driver 
10-Line to 4-Line Priority Encoder 
8-Line to 3-Line Priority Encoder 


16-Line to 1-Line Data Selector/ 
Multiplexer 


8-Line to 1-Line Data Selector/ 
Multiplexer 


8-Line to 1-Line Data Selector/ 
Multiplexer 


Dual 4-Line to 1-Line Data Selector/ 
Multiplexer 


4-Line to 16-Line Decoder/ 
Demultiplexer 


Dual 2-Line to 4-Line Decoder/ 
Demultiplexer 


Dual 2-Line to 4-Line Decoder/ 
Demultiplexer with open collector 
outputs 


Quad 2-Line to 1-Line Data Selector/ 
Multiplexer, Noninverting 


Quad 2-Line to 1-Line Data Selector/ 
Multiplexer, Inverting 


Logic Application Handbook 





Function Number 


-159 


-160 


-161 


-162 


-163 


-164 


-165 


-166 
-167 
-168 


-169 


-170 


-171 


-173 


-174 


-175 


-191 


-193 


-194 


-200 


-201 


-206 


Boolean Function 


4-Line to 16-Line Decoder/ 
Demultiplexer with open collector 
outputs 


Synchronous 4-bit Decade Counter 
with Asynchronous Clear 


Synchronous 4-bit Binary Counter 
with Asynchronous Clear 


Synchronous 4-bit Decade Counter 
with Synchronous Clear 


Synchronous 4-bit Binary Counter 
with Synchronous Clear 


8-bit Parallel-Out Serial Shift Register 
with Asynchronous Clear 


8-bit Serial Shift Register, Parallel 
Load, Complementary Outputs 


Parallel-Load 8-Bit Shift Register 
Synchronous Decade Rate Multiplier 


Synchronous 4-Bit Up/Down Decade 
Counter 


Synchronous 4-Bit Up/Down Binary 
Counter 


4 by 4 Register File with open 
collector outputs 


16-Bit Multiple Port Register File 
with Three-state Outputs 

Quad D-type flip-flop; positive-edge 
trigger; 3-state 

Hex D-type Flip-Flop with reset; positi- 
ve-edge trigger 

Quad D-type flip-flop with reset; 
positive-edge trigger 

Presettable synchronous 4-bit binary 
up/down counter 


Presettable synchronous 4-bit binary 
up/down counter 


4-bit bidirectional universal shift 
register 


256-bit RAM with Three-state 
Outputs 


256-bit (256x1) RAM with three-state 
outputs 


256-bit RAM with open collector 
outputs 


Function Number Boolean Function 


-209 


-210 
-219 


-221 


-222 


-224 


-225 
-226 


-230 


-232 
-237 


-238 


-239 


-240 


-241 


-242 


-243 


-244 


-245 


-246 


-247 


-248 


-249 


1024-bit (1024x1) RAM with 
three-state output 


Octal Buffer 


64-bit (16x4) RAM with Noninverting 
three-state outputs 


Dual Monostable Multivibrator with 
Schmitt trigger input 


16 by 4 Synchronous FIFO Memory 
with three-state outputs 


16 by 4 Synchronous FIFO Memory 
with three-state outputs 


Asynchronous 16x5 FIFO Memory 


4-bit Parallel Latched Bus Transceiver 
with three-state outputs 


Octal Buffer/Driver with three-state 
outputs 


Quad NOR Schmitt trigger 


1-of-8 Decoder/Demultiplexer with 
Address Latch, Active High Outputs 


1-of-8 Decoder/Demultiplexer, Active 
High Outputs 

Dual 2-of-4 Decoder/Demultiplexer, 
Active High Outputs 


Octal Buffer with Inverted 
three-state outputs 


Octal Buffer with Noninverted 
three-state outputs 


Quad Bus Transceiver with Inverted 
three-state outputs 


Quad Bus Transceiver with 
Noninverted three-state outputs 


Octal Buffer with Noninverted 
three-state outputs 


Octal Bus Transceiver with 
Noninverted three-state outputs 


BCD to 7-segment Decoder/Driver 
with 30V open collector outputs 


BCD to 7-segment Decoder/Driver 
with 15V open collector outputs 


BCD to 7-segment Decoder/Driver 
with Internal Pull-up Outputs 


BCD to 7-segment Decoder/Driver 
with open collector outputs 
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Function Number Boolean Function Function Number Boolean Function 


-251 


-253 


-255 
-256 
-257 


-258 


-259 
-260 
-261 


-265 


-266 


-269 
-270 


-271 


-273 
-274 
-275 
-276 


-278 


-279 
-280 


-281 
-283 
-284 


8-line to 1-line Data Selector/ 
Multiplexer with complementary 
three-state outputs 


Dual 4-line to 1-line Data Selector/ 
Multiplexer with three-state outputs 


Dual 4-bit Addressable Latch 
Dual 4-bit Addressable Latch 


Quad 2-line to 1-line Data Selector/ 
Multiplexer with Noninverted 
three-state outputs 


Quad 2-line to 1-line Data Selector/ 
Multiplexer with Inverted three-state 
outputs 


8-bit Addressable Latch 
Dual 5-Input NOR Gate 


2-bit by 4-bit Parallel Binary 
Multiplier 


Quad Complementary Output 
Elements 


Quad 2-Input XNOR gate with open 
collectorOutputs 


8-bit bidirectional binary counter 


2048-bit (512x4) Read Only Memory 
with open collector outputs 


2048-bit (256x8) Read Only Memory 
with open collector outputs 


8-bit Register with Reset 
4-bit by 4-bit Binary Multiplier 
7-bit Slice Wallace tree 


Quad J-Not-K Edge-Triggered 
Flip-Flops with Separate Clocks, 
Common Preset and Clear 


4-bit Cascadeable Priority Registers 
with Latched Data Inputs 


Quad Set-Reset Latch 


9-bit Odd/Even Parity bit Generator/ 
Checker 


4-bit Parallel Binary Accumulator 
4-bit Binary Full adder 


4-bit by 4-bit Parallel Binary 
Multiplier (low order 4 bits of 
product) 


-285 


-287 


-288 


-289 


-290 


-291 


-292 


-293 


-294 


-295 


-297 
-298 


-299 


-301 


-309 


-310 


-314 
-320 
-322 


-323 


-324 


-332 


4-bit by 4-bit Parallel Binary 
Multiplier (high order 4 bits of 
product) 


1024-bit (256x4) Programmable 
read-only memory with three-state 
outputs 


256-bit (32x8) Programmable 
read-only memory with three-state 
outputs 


64-bit (16x4) RAM with open 
collector outputs 

Decade Counter (separate 
divide-by-2 and divide-by-5 sections) 


4-bit Universal Shift register, Binary 
Up/Down Counter, Synchronous 


Programmable Frequency Divider/ 
Digital Timer 


4-bit Binary Counter (separate 
divide-by-2 and divide-by-8 sections) 
Programmable Frequency Divider/ 
Digital Timer 


4-Bit Bidirectional Register with 
Three-state outputs 


Digital Phase-Locked-Loop Filter 


Quad 2-Input Multiplexer with 
Storage 


8-Bit Bidirectional Universal Shift/ 
Storage Register with three-state 
outputs 


256-bit (256x1) Random access 
memory with open collector output 


1024-bit (1024x1) Random access 
memory with open collector output 


Octal Buffer with Schmitt trigger 
inputs 


1024-bit random access memory 
Crystal controlled oscillator 


8-bit Shift register with Sign Extend, 
three-state outputs 


8-bit Bidirectional Universal Shift/ 
Storage Register with three-state 
outputs 


Voltage Controlled Oscillator (or 
Crystal Controlled) 


3-input OR-gate 


Logic Application Handbook 





Function Number Boolean Function Function Number Boolean Function 


-340 


-341 


-344 


-348 


-350 


-351 


-352 


-353 


-354 


-356 


-361 


-362 


-365 


-366 


-367 


-368 


-370 


-371 


-373 


-374 


Octal Buffer with Schmitt trigger 
inputs and three-state inverted 
outputs 


Octal Buffer with Schmitt trigger 
inputs and three-state noninverted 
outputs 


Octal Buffer with Schmitt trigger 
inputs and three-state noninverted 
outputs 


8 to 3-line Priority Encoder with 
three-state outputs 


4-bit Shifter with three-state outputs 


Dual 8-line to 1-line Data Selectors/ 
Multiplexers with three-state 
outputs and 4 Common Data Inputs 


Dual 4-line to 1-line Data Selectors/ 
Multiplexers with Inverting Outputs 


Dual 4-line to 1-line Data Selectors/ 
Multiplexers with Inverting 
three-state outputs 


8 to 1-line Data Selector/Multiplexer 
with Transparent Latch, three-state 
outputs 


8 to 1-line Data Selector/Multiplexer 
with Edge-Triggered Register, 
three-state outputs 


Bubble memory function timing 
generator 


Four-Phase Clock Generator/Driver 
(aka TIM9904) 


Hex Buffer with Noninverted 
three-state outputs 


Hex Buffer with Inverted three-state 
outputs 


Hex Buffer with Noninverted 
three-state outputs 


Hex Buffer with Inverted three-state 
outputs 


2048-bit (512x4) Read-only memory 
with three-state outputs 


2048-bit (256x8) Read-only memory 
with three-state outputs 


Octal Transparent Latch with 
three-state outputs 


Octal Register with three-state 
outputs 


-375 
-376 


-377 
-378 
-379 


-380 


-381 


-382 


-384 
-385 
-386 
-387 


-388 


-390 
-393 
-395 


-398 


-399 


-408 
-412 


-423 


-424 


Quad Bistable Latch 


Quad J-Not-K Flip-Flop with Common 
Clock and Common Clear 


8-bit Register with Clock Enable 
6-bit Register with Clock Enable 


4-bit Register with Clock Enable and 
Complementary Outputs 


8-bit Multifunction Register 


4-bit Arithmetic Logic Unit/Function 
Generator with Generate and 
Propagate Outputs 


4-bit Arithmetic Logic Unit/Function 
Generator with Ripple Carry and 
Overflow Outputs 


Bilateral switch 

Quad 4-bit Adder/Subtractor 
Quad 2-Input XOR gate 

1024-bit (256x4) Programmable 
read-only memory with open 
collector outputs 

4-bit Register with Standard and 
Three-state Outputs (-LS388 is 
equivalent to AMD Am25LS2518 , 


functional equivalent to Am2918 and 
Am25S18) 


Dual 4-bit Decade Counter 
Dual 4-bit Binary Counter 


4-bit Universal Shift register with 
three-state outputs 


Quad 2-input Multiplexers with 
Storage and Complementary 
Outputs 


Quad 2-input Multiplexer with 
Storage 


8-bit Parity Tree 


Multi-Mode Buffered 8-bit Latches 
with three-state outputs and Clear 
(745412 is equivalent to Intel 8212, 
ТІ ТІМ8212) 


Dual Retriggerable Monostable 
Multivibrator 


Two-Phase Clock Generator/Driver 
(74LS424 is equivalent to Intel 8224, 
TI TIM8224) 
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Function Number 


-425 


-426 


-428 


-438 


-440 


-441 


-442 


-443 


-444 


-448 


-450 


-451 
-452 
-453 


-453 
-454 


-455 


-456 


-460 
-461 


-462 
-463 


Boolean Function 


Quad Gates with three-state outputs 
and Active Low Enables 


Quad Gates with three-state outputs 
and Active High Enables 


System Controller for 8080A (745428 
is equivalent to Intel 8228, TI 
ТІМ8228) 


System Controller for 8080А (745438 
is equivalent to Intel 8238, TI 
TIM8238) 


Quad Tridirectional Bus Transceiver 
with Noninverted open collector 
outputs 


Quad Tridirectional Bus Transceiver 
with Inverted open collector outputs 


Quad Tridirectional Bus Transceiver 
with Noninverted three-state 
outputs 


Quad Tridirectional Bus Transceiver 
with Inverted three-state outputs 


Quad Tridirectional Bus Transceiver 
with Inverted and Noninverted 
three-state outputs 


Quad Tridirectional Bus Transceiver 
with Inverted and Noninverted open 
collector outputs 


16-to-1 Multiplexer with Comple- 
mentary Outputs 


Dual 8-to-1 Multiplexer 
Dual Decade Counter, Synchronous 


Dual Binary Counter, Synchronous 
(Motorola, "plain" TTL) 


Quad 4-to-1 Multiplexer 


Dual Decade Up/Down Counter, 
Synchronous, Preset Input 


Dual Binary Up/Down Counter, 
Synchronous, Preset Input 


NBCD (Natural Binary Coded 
Decimal) Adder 


Bus Transfer Switch 


8-bit Presettable Binary Counter with 
three-state outputs 


Fiber-Optic Link Transmitter 
Fiber-Optic Link Receiver 


Function Number Boolean Function 


-465 
-468 
-470 


-471 


-472 


-473 


-473 


-474 
-474 


-475 


-475 


-476 


-477 
-478 
-479 


-480 


-481 


-481 
-482 
-482 


-483 
-484 
-484 


-485 
-485 


Octal Buffer with three-state outputs 
Dual MOS-to-TTL Level Converter 


2048-bit (256x8) Programmable 
read-only memory with open 
collector outputs 


2048-bit (256x8) Programmable 
read-only memory with three-state 
outputs 


Programmable read-only memory 
with open collector outputs 


Quad D Flip-Flop with Three-state 
Outputs 


Programmable read-only memory 
with three-state outputs 


Hex D Flip-Flop with Common Clear 


Programmable read-only memory 
with open collector outputs 


Quad D Edge-Triggered Flip-Flop 
with Complementary Outputs and 
Asynchronous Clear 


Programmable read-only memory 
with three-state outputs 


Presettable Decade (Bi-Quinary) 
Counter/Latch 


Presettable Binary Counter/Latch 
4-bit Parallel-Access Shift Register 


4-bit Parallel-Access Shift Register 
with Asynchronous Clear and 
Complementary QD Outputs 


9-bit Odd/Even Parity bit Generator 
and Checker 


4-bit Arithmetic Logic Unit and 
Function Generator 


4-bit Slice Processor Elements 
Lookahead Carry Generator 


4-bit Slice Expandable Control 
Elements 


Dual Carry-Save Full adder 
BCD to Binary Converter 


BCD-to-Binary Converter (mask 
programmed SN74S371 ROM) 


Binary to BCD Converter 


Binary-to-BCD Converter (mask 
programmed SN74S371 ROM) 
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Function Number 


-486 


-487 


-488 


-489 


-490 


-490 
-491 


-491 


-492 


-493 


-494 


-495 
-496 
-497 
-498 


-498 


-499 


-508 
-511 


-514 


-516 
-517 
-518 
-520 


-521 


Boolean Function 
512-bit (64x8) Read-only memory 
with open collector outputs 


1024-bit (256x4) Read only memory 
with open collector outputs 


256-bit (32x8) Programmable 
read-only memory with open 
collector outputs 


64-bit (16x4) RAM with Inverting 
three-state Outputs 


Synchronous Up/Down Decade 
Counter 


Dual Decade Counter 


Synchronous Up/Down Binary 
Counter 


10-bit Binary Up/Down Counter with 
Limited Preset and three-state logic 
outputs 


Synchronous Up/Down Decade 
Counter with Clear 


Synchronous Up/Down Binary 
Counter with Clear 


4-bit Bidirectional Universal Shift 
Register 


4-bit Parallel-Access Shift Register 
Presettable Decade Counter/Latch 
Presettable Binary Counter/Latch 


8-bit Bidirectional Universal Shift 
Register 


8-bit Bidirectional Shift Register with 
Parallel Inputs and three-state 
outputs 


8-bit Bidirectional Universal Shift 
Register with J-Not-K Serial Inputs 


8-bit Multiplier/Divider 


BCD to 7-segment latch/decoder/ 
driver 


4-to-16 line decoder/demultiplexer 
with input latches 


Binary up/down counter 
Dual 64-bit static shift register 
Dual BCD counter 


8-bit Comparator - as -521 but with 
different input circuit 


8-bit Comparator 


Function Number Boolean Function 


-526 


-527 


-528 


-531 


-532 


-533 


-534 


-535 


-536 


-537 


-538 


-539 


-540 


-541 


-543 


-544 


-555 
-557 


-558 


-560 


-561 


-563 


Fuse Programmable Identity 
Comparator, 16 Bit 


Fuse Programmable Identity 
Comparator, 8 Bit+ 4 Bit conventio- 
nal Identity Comparator 


Fuse Programmable Identity 
Comparator, 12 Bit 


Octal Transparent Latch with 32 mA 
three-state outputs 


Octal Register with 32 mA 
three-state outputs 


Octal Transparent Latch with 
Inverting Three-state logic outputs 


Octal Register with Inverting 
three-state outputs 


Octal Transparent Latch with 
Inverting three-state outputs 


Octal Register with Inverting 32 mA 
three-state outputs 


BCD to Decimal Decoder with 
three-state outputs 


1 of 8 Decoder with three-state 
outputs 


Dual 1 of 4 Decoder with three-state 
outputs 


Inverting Octal Buffer with 
three-state outputs 


Non-inverting Octal Buffer with 
three-state outputs 


Octal latched transceiver with dual 
enable; 3-state 


Octal D-type registered transceiver; 
inverting; 3-state 


1-of-4 decoder/demultiplexer 


1-to-64 bit variable length shift 
register 

8-Bit by 8-Bit Multiplier with 
three-state outputs 


4-bit Decade Counter with 
three-state outputs 


4-bit Binary Counter with three-state 
outputs 


8-bit D-Type Transparent Latch with 
Inverting three-state outputs 
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Function Number Boolean Function Function Number Boolean Function 


-564 


-568 


-569 


-573 


-574 


-575 


-576 


-577 


-580 


-585 
-589 


-590 


-592 
-593 


-594 


-595 


-596 


-597 


-598 
-600 


-601 


8-bit D-Type Edge-Triggered Register 
with Inverting three-state outputs 


Decade Up/Down Counter with 
three-state outputs 


Binary Up/Down Counter with 
three-state outputs 


Octal D-Type Transparent Latch with 
three-state outputs 


Octal D-Type Edge-Triggered 
Flip-Flop with three-state outputs 
Octal D-Type Flip-Flop with 
Synchronous Clear, three-state 
outputs 

Octal D-Type Flip-Flop with inverting 
three-state outputs 

Octal D-Type Flip-Flop with 
Synchronous Clear, inverting 
three-state outputs 


Octal Transceiver/Latch with 
inverting three-state outputs 


4-bit magnitude comparator 


8-bit Shift Register with Input Latch, 
three-state outputs 


8-Bit Binary Counter with Output 
Registers and three-state outputs 


Binary Counter with Input Registers 


8-Bit Binary Counter with Input 
Registers and three-state outputs 


Serial-in Shift register with Output 
Registers 


Serial-in Shift register with Output 
Latches 


Serial-in Shift register with Output 
Registers and open collector outputs 


Serial-out Shift register with Input 
Latches 


Shift register with Input latches 


Dynamic Memory Refresh Controller, 
Transparent and Burst Modes, for 4K 
or 16K DRAMs (7415600 is equivalent 
to TI TIM99600) 


Dynamic Memory Refresh Controller, 
Transparent and Burst Modes, for 
64K DRAMs (-LS601 is equivalent to 
TI TIM99601) 


-602 


-603 


-604 


-605 


-606 


-607 


-608 


-610 


-611 


-612 


-613 


-620 


-621 


-622 


-623 


Dynamic Memory Refresh Controller, 
Cycle Steal and Burst Modes, for 4K 
or 16K DRAMs (74LS602 is equivalent 
to ТІ TIM99602) 


Dynamic Memory Refresh Controller, 
Cycle Steal and Burst Modes, for 64K 
DRAMs (7415603 is equivalent to ТІ 
TIM99603) 


Octal 2-input Multiplexer with Latch, 
High-Speed, with Three-state 
outputs (74LS604 is equivalent to TI 
TIM99604) 


Octal 2-input Multiplexer with Latch, 
High-Speed, with open collector 
outputs (74LS605 is equivalent to TI 
TIM99605) 


Octal 2-input Multiplexer with Latch, 
Glitch-Free, with Three-state outputs 
(74LS606 is equivalent to Т! 
TIM99606) 


Octal 2-input Multiplexer with Latch, 
Glitch-Free, with open collector 
outputs (74LS607 is equivalent to Т! 
TIM99607) 


Memory Cycle Controller (74LS608 is 
equivalent to ТІ TIM99608) 


Memory Mapper, Latched, 
Three-state Outputs (7415610 is 
equivalent to ТІ TIM99610) 


Memory Mapper, Latched, open 
collector outputs (74LS611 is 
equivalent to ТІ ТІМ99611) 


Memory Mapper, Three-state logic 
Outputs (7415612 is equivalent to Т! 
TIM99612) 


Memory Mapper, open collector 
outputs (74LS613 is equivalent to Т! 
TIM99613) 


Octal Bus Transceiver, Inverting, 
Three-state Outputs 


Octal Bus Transceiver, Noninverting, 
open collector outputs 


Octal Bus Transceiver, Inverting, 
open collector outputs 


Octal Bus Transceiver, Noninverting, 
Three-state outputs 
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Function Number 


-624 


-625 


-626 


-627 
-628 


-629 


-630 


-631 


-632 


-638 


-639 


-640 


-641 


-642 


-643 


-644 


-645 
-646 


-647 


Boolean Function 


Voltage-Controlled Oscillator with 
Enable Control, Range Control, 
Two-Phase Outputs 


Dual Voltage-Controlled Oscillator 
with Two-Phase Outputs 


Dual Voltage-Controlled Oscillator 
with Enable Control, Two-Phase 
Outputs 


Dual Voltage-Controlled Oscillator 


Voltage-Controlled Oscillator with 
Enable Control, Range Control, Exter- 
nal Temperature Compensation, and 
Two-Phase Outputs 


Dual Voltage-Controlled Oscillator 
with Enable Control, Range Control 


16-bit Error Detection and Correction 
(EDAC) with three-state outputs 


16-bit Error Detection and Correction 
(EDAC) with open collector outputs 


32-bit Error Detection and Correction 
(EDAC) 


Octal Bus Transceiver with Inverting 
three-state outputs 


Octal Bus Transceiver with 
Noninverting three-state outputs 


Octal Bus Transceiver with Inverting 
three-state outputs 


Octal Bus Transceiver with 
Noninverting open collector outputs 


Octal Bus Transceiver with Inverting 
open collector outputs 


Octal Bus Transceiver with Mix of 
Inverting and Noninverting 
three-state outputs 


Octal Bus Transceiver with Mix of 
Inverting and Noninverting open 
collector outputs 


Octal Bus Transceiver 


Octal Bus Transceiver/Latch/Multiple- 
xer with Noninverting three-state 
outputs 


Octal Bus Transceiver/Latch/Multiple- 
xer with Noninverting open collector 
outputs 


Function Number Boolean Function 


-648 


-649 


-651 


-652 


-653 


-654 


-657 


-658 


-659 


-664 


-665 


-668 


-669 


-670 


-671 


-672 


-673 


-674 


-677 


Octal Bus Transceiver/Latch/Multiple- 
xer with Inverting three-state 
outputs 


Octal Bus Transceiver/Latch/Multiple- 
xer with Inverting open collector 
outputs 


Octal Bus Transceiver/Register with 
Inverting three-state outputs 


Octal Bus Transceiver/Register with 
Noninverting three-state outputs 


Octal Bus Transceiver/Register with 
Inverting three-state and open 
collector outputs 


Octal Bus Transceiver/Register with 
Noninverting three-state and open 
collector outputs 


Octal transceiver with parity 
generator/checker; 3-state 


Octal Bus Transceiver with Parity, 
Inverting 


Octal Bus Transceiver with Parity, 
Noninverting 


Octal Bus Transceiver with Parity, 
Inverting 


Octal Bus Transceiver with Parity, 
Noninverting 


Synchronous 4-bit Decade Up/Down 
Counter 


Synchronous 4-bit Binary Up/Down 
Counter 


4 by 4 Register File with three-state 
outputs 


4-bit Bidirectional Shift register/ 


Latch /Multiplexer with three-state 
outputs 


4-bit Bidirectional Shift register/ 
Latch/Multiplexer with three-state 
outputs 

16-bit Serial-in Seria-Out Shift 


register with Output Storage 
Registers, three-state outputs 


16-bit Parallel-in Serial-out Shift 
register with three-state outputs 


16-bit Address Comparator with 
Enable 
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Function Number Boolean Function Function Number Boolean Function 


-678 


-679 


-680 


-681 
-682 
-683 


-684 
-685 


-686 


-687 


-688 
-689 


-690 


-691 


-692 


-693 


-694 


-695 


-696 


-697 


16-bit Address Comparator with 
Latch 


12-bit Address Comparator with 
Latch 


12-bit Address Comparator with 
Enable 


4-bit Parallel Binary Accumulator 
8-bit Magnitude Comparator 


8-bit Magnitude Comparator with 
open collector outputs 


8-bit Magnitude Comparator 


8-bit Magnitude Comparator with 
open collector outputs 


8-bit Magnitude Comparator with 
Enable 


8-bit Magnitude Comparator with 
Enable 


8-bit Equality Comparator 


8-bit Magnitude Comparator with 
open collector outputs 


4-bit Decimal Counter/Latch/ 
Multiplexer with Asynchronous 
Reset, Three-State Outputs 


4-bit Binary Counter/Latch/ 
Multiplexer with Asynchronous 
Reset, Three-State Outputs 


4-bit Decimal Counter/Latch/ 
Multiplexer with Synchronous Reset, 
Three-state Outputs 


4-bit Binary Counter/Latch/ 
Multiplexer with Synchronous Reset, 
Three-state Outputs 


4-bit Decimal Counter/Latch/ 
Multiplexer with Synchronous and 
Asynchronous Resets, three-state 
outputs 


4-bit Binary Counter/Latch/ 
Multiplexer with Synchronous and 
Asynchronous Resets, three-state 
outputs 


4-bit Decimal Counter/Register/ 
Multiplexer with Asynchronous 
Reset, three-state outputs 


4-bit Binary Counter/Register/ 
Multiplexer with Asynchronous 
Reset, three-state outputs 


-698 


-699 


-716 


-718 


-724 
-740 


-741 


-744 


-748 
-779 


-783 


-790 


-794 
-795 


-796 


-797 


-798 


-804 
-805 
-808 


4-bit Decimal Counter/Register/ 
Multiplexer with Synchronous Reset, 
three-state outputs 


4-bit Binary Counter/Register/ 
Multiplexer with Synchronous Reset, 
three-state outputs 


Programmable Decade Counter 
(-LS716 is equivalent to Motorola 
МС4016) 


Programmable Binary Counter 
(74LS718 is equivalent to Motorola 
МС4018) 


Voltage Controlled Multivibrator 


Octal Buffer/Line Driver, Inverting, 
three-state outputs 


Octal Buffer/Line Driver, Noninver- 
ting, three-state outputs, Mixed 
enable polarity 


Octal Buffer/Line Driver, Noninver- 
ting, three-state logic outputs 


8 to 3-line priority encoder 


8-bit bidirectional binary counter 
(3-State) 


Synchronous Address Multiplexer 
(74LS783 is equivalent to Motorola 
MC6883) 


Error Detection and Correction 
(EDAC) 


8-Bit Register with Readback 


Octal Buffer with Three-state logic 
outputs (74LS795 is equivalent to 
811595) 


Octal Buffer with Three-state logic 
outputs (74LS796 is equivalent to 
81LS96) 


Octal Buffer with Three-state logic 
outputs (74LS797 is equivalent to 
81LS97) 


Octal Buffer with Three-state logic 
outputs (74LS798 is equivalent to 
81LS98) 


Hex 2-input NAND Drivers 
Hex 2-input NOR Drivers 
Hex 2-input AND Drivers 


Logic Application Handbook 





Function Number 


-821 


-823 


-827 


-0832 
-832 
-841 


-848 


-873 
-874 
-876 


-878 


-879 


-880 


-882 
-885 
-888 
-894 


-899 


-926 
-935 


-936 


-1005 


Boolean Function 
10-bit D-type Flip-Flop; positive-edge 
trigger; 3-state 


9-bit D-type Flip-Flop with 5 V 
tolerant inputs/outputs; positive 
edge-trigger; 3-state 


10-bit buffer/line driver; non-inver- 
ting; 3-state 

Low-power 3-input AND-OR gate 
Hex 2-input OR Drivers 


10-bit transparent latch with 5 V tole- 
rant inputs/outputs; 3-state 


8 to 3-line Priority Encoder with 
three-state outputs 


Octal Transparent Latch 

Octal D-Type Flip-Flop 

Octal D-Type Flip-Flop with Inverting 
Outputs 


Dual 4-bit D-Type Flip-Flop with 
Synchronous Clear, Noninverting 
three-state outputs 

Dual 4-bit D-Type Flip-Flop with 
Synchronous Clear, Inverting 
three-state outputs 


Octal Transparent Latch with 
Inverting Outputs 


32-bit Lookahead Carry Generator 
Low-power dual function gate 
8-bit Slice Processor 


12-stage shift-and-store register LED 
driver 


9-bit dual latch transceiver with 8-bit 
parity generator/checker (3-State) 


4-digit counter/display driver 


3.5-digit Digital Voltmeter (DVM) 
support chip For Multiplexed 
7-segment displays (MM-C935 =AD- 
D3501CCN) 


3.75-digit Digital Voltmeter (DVM) 
support chip For Multiplexed 
7-segment displays (MM74C936 =AD- 
D3701CCN) 


hex inverting buffer with open-col- 
lector output 


Function Number Boolean Function 


-1035 


-1403 


-2241 


-2244 


-2245 


-2952 


-2960 


-2961 
-2962 
-2968 
-2969 


-2970 


-3037 
-3125 
-3126 
-3157 


-3208 
-3244 


-3245 


-3251 
-3253 


-3257 


-3306 
-3384 


-3861 
-4002 


hex noninverting buffers with 
open-collector outputs 


3.3 V combined 8-bit bus receiver 
and 4-bit bus driver 


3.3V Octal buffer/line driver with 30 
Ohm series termination resistors; 
3-State 


Octal buffer/line driver with 30 О 
series termination resistors (3-State) 


Octal transceiver with direction pin 
and 30 Ohm series termination 
resistors (3-State) 


Octal registered transceiver with 5 V 
tolerant inputs/outputs; 3-state 


Error Detection and Correction 
(EDAC) (74F2960 is equivalent to 
AMD Am2960) 


EDAC Bus Buffer, Inverting 
EDAC Bus Buffer, Noninverting 
Dynamic Memory Controller 


Memory Timing Controller For use 
with EDAC 


Memory Timing Controller For use 
without EDAC 


Quad 2-input МАМО 30Ohm driver 
Quadruple FET bus switch 
Quad FET bus switch 


2-channel analog multiplexer/ 
demultiplexer 


Low-power 3-input OR-AND gate 


Octal bus switch with quad output 
enables 


Octal bus switch 


1-of-8 FET multiplexer/demultiplexer 


Dual 1-of-4 FET multiplexer/ 
demultiplexer 


Quad 1-of-2 multiplexer/demultiple- 
хег 


Dual bus switch 


10-bit bus switch with 5-bit output 
enables 


10-bit bus switch with output enable 
Dual 4-Input NOR gate 
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Function Number Boolean Function Function Number Boolean Function Output Drive Current by Logic Family 5 
-4015 Dual 4-bit shift registers -4316 Quad analog switch | | Standby Current Max Drive T 
; | Logic Family Supply Voltage a. 
-4016 Quadruple bilateral switches -4351  8-channel analog multiplexer/ uA mA a. 
-4017  5-Stage +10 Johnson Counter ОСОО СЕЕ АХР 0.7—2.75 0.6 8 < 
І ; -4353 Triple 2-channel analog multiplexer/ 
-4024 7 Stage Ripple Carry Binary Counter Е 
ЗААН м d demultiplexer with latch AUT дно тена Sr i 
-4028 BCD to Decimal Decoder 2 
-4511 BCD to 7-Segment Decoder 2d 1.03.6 2 
-4040  12-stage binary ripple counter = 
: ШЕ -4514  4-to-16 line decoder/demultiplexer С 12-12 21) 5 
-4046  Phase-locked loop and voltage-cont- with input latches LVC 2 20 24 
rolled oscillator 
| -4515  4-to-16 line decoder/demultiplexer ALVC 1.2-3.6 40 24 
-4049 Hex Inverting Buffer | | with input latches; inverting AHC 2 0-6.0 40 8 
-4050 Нех buffer/converter (non-inverting) -4520 26. а Synchronous Binary Jr "m m н 
-4051 High-Speed CMOS Logic 8-Channel ounter 
M du Eu UE — ALVT ЖЕ 90 64 
Analog Multiplexer/Demultiplexer -4538 Dual Retriggerable Precision 
-4052 Dual 4-Channel Analog Multiplexer/ Monostable Multivibrator БЫШ 125 120-7121 S 
-4053 Triple 2-Channel Analog Multiplexer/ demultiplexer with injection-current ABT 4.5- 5.5 250 64 
Demultiplexers effect control _ 
МРІС 2a aS 200 100 
-4059 Programmable Divide-by-N Counter -4852 Dual 4-channel analog multiplexer/ (LED output to 33 V) 
КЕШЕ bi = 1 ith demultiplexer with injection-current 3 (gates, LED 
i алалы а а effect control HEF 5.0-15.0 600 9 ј 
oscillator output to 20 тА) 
4066 ЕТТЕ? -5555 Programmable delay timer with 
- Quad bilateral switches © рат 
-4067  16-Channel Analog Multiplexer/ Р 
. -6323 Programmable ripple counter with А 
Demultiplexer C ec Common Package Suffix by Company 
-4075 Triple 3-input OR gate -7007  hexbuffer (like 7407, however Nexperia 
-4078  8-Input OR/NOR gate push-pull outputs) Сотре ог Standard Nexperia Package 
-4094  8-bit Three-state Shift Register/Latch -7014 Нех non-inverting precision Su SOCIO ш ПЕ си ате 
-4245 Octal dual supply translating Schmitt-trigger DW Diodes Inc GW SC88 363 
transceiver; 3-state -7266 Quad 2-input XNOR gate (Exclusive FW4 Diodes Inc GF XSON6 891 
OL Eee FZ4 Diodes Inc GM XSON6 886 
S14 Diodes Inc D T 5014 108 
5Е Diodes Inc GW SC70 353 
114 Diodes Inc PW TAE TSSOP14 402 
W5 Diodes Inc GV SO5 753 
BQ Fairchild (ON Semi) BQ DHVQFN14 762 
BQ Fairchild (ON Semi) BQ DHVQFN16 763 
BQ Fairchild (ON Semi) BQ DHVQFN20 764 
CM Fairchild (ON Semi) D 5014 108 
СМ Fairchild (ОМ Semi) N DIP14 27 
ЕН(Х) Fairchild (ON Semi) GF XSON8 1089 
Fairchild (ON Semi) ЕС LFBGA96 536 
Fairchild (ON Semi) ЕС LFBGA114 537 
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5С70 353 PG IDT PW TT TSSOP16 403 
5С88 363 Р5 IDT D T 5024 137 
5С88 363 Р5 IDT D T 5020 163 


Р5 Fairchild (ОМ Semi 
P6 Fairchild (ON Semi 
P6X Fairchild (ON Semi 


с E 
- Е 


Nexperia Nexperia 
Competitor Standard Nexperia Package Competitor Standard Nexperia Package 
Suffix Competitor Suffix HEF Suffix МЕТ Suffix Competitor Suffix HEF Suffix МЕТ 

K8 Fairchild (ON Semi) DC VSSOP8 765 PC Fairchild (ON Semi) N P DIP14 27 
KX8 Fairchild (ON Semi) GD XSON8U 996 PC Fairchild (ON Semi) N P DIP16 38 
L6 Fairchild (ON Semi) GM Х5ОМ6 886 РС Fairchild (ON Semi) N E DIP24 101 
L8 Fairchild (ON Semi) GM XQFN8U 902 PC Fairchild (ON Semi) N DIP28 Wale 
M Fairchild (ON Semi) D SO8 96 PC Fairchild (ON Semi) N P DIP20 146 
M Fairchild (ON Semi) D T 5014 108 QSC Fairchild (ON Semi) DK SSOP24 556 
M Fairchild (ON Semi) D T 5016 162 OSG Fairchild (ON Semi) DS SSOP16 519 
M Fairchild (ON Semi) D T SO20 163 QSC Fairchild (ON Semi) DS SSOP20 724 
М5 Fairchild (ОМ Semi) GV SO5 753 SC Fairchild (ON Semi) D 508 96 
МЕ Fairchild (ON Semi) DL SSOP48 370 SC Fairchild (ON Semi) D T 5014 108 
МЕ Fairchild (ON Semi) DE SSOP56 371 SC Fairchild (ON Semi) D 5028 136 
МЕА Fairchild (ON Semi) DL 55ОР48 370 SC Fairchild (ON Semi) D Т 5016 162 
МЕА Fairchild (ON Semi) DL SSOP56 371 SC Fairchild (ON Semi) D SO16 162 
MSA Fairchild (ON Semi) DB SSOP20 339 SC Fairchild (ON Semi) D 5020 163 
М5А Fairchild (ON Semi) DB SSOP24 340 SRE Fairchild (ON Semi) N DIP24 101 
MSA Fairchild (ON Semi) DB SSOP28 341 T Fairchild (ON Semi) DGG TSSOP56 364 
MT Fairchild (ON Semi) DGG TSSOP48 362 WM Fairchild (ON Semi) 5028 136 
МТ Fairchild (ОМ Semi) DGG 1550Р56 364 WM Fairchild (ON Semi) SO16 162 
MTC Fairchild (ON Semi) PW TSSOP24 355 WM Fairchild (ON Semi) SO20 163 
MTC Fairchild (ON Semi) PW TT TSSOP20 360 BF IDT EC LFBGA96 536 
MTC Fairchild (ON Semi) PW TT TSSOP14 402 CD IDT N R DIP20 146 
MTC Fairchild (ON Semi) PW ТТ TSSOP16 403 DC IDT D 508 96 
MTC Fairchild (ON Semi) PW TSSOP8 530 DC IDT D T S014 108 
MTD Fairchild (ON Semi) DGG TSSOP48 362 DJ IDT DGV TSSOP48 480 
MTD Fairchild (ON Semi) DGG TSSOP56 364 PA IDT DGG TSSOP48 362 
MTD Fairchild (ON Semi) DGG TSSOP64 646 PA IDT DGG TSSOP56 364 
MX Fairchild (ON Semi) D 5016 162 RE IDT DK SSOP24 556 
N Fairchild (ON Semi) N DIP14 27 PC IDT DS SSOP16 519 
N Fairchild (ON Semi) N P DIP16 38 RE IDT DS SSOP20 724 
М Fairchild (ON Semi) N DIP24 101 РЕ IDT DGV TSSOP48 480 
N Fairchild (ON Semi) N DIP24 101 PF IDT DGV TSSOP56 481 
N Fairchild (ON Semi) N DIP28 117 PG IDT PW TSSOP24 355 
N Fairchild (ON Semi) N P DIP20 146 PG IDT PW TT TSSOP20 360 
NT Fairchild (ON Semi) N DIP24 101 PG IDT PW TT TSSOP14 402 

( ) 

( ) 

( ) 


о 
> 
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Nexperia Nexperia 
Competitor Standard Nexperia Package Competitor Standard Nexperia Package 
Suffix Competitor Suffix HEF Suffix КЕШІ Suffix Competitor Suffix HEF Suffix МЕТ 

ру IDT DL SSOP48 370 NG On Semi N DIP28 117 
PV IDT DL SSOP56 371 NG On Semi N CDIP28 135 
PY IDT DB SSOP20 339 NG On Semi N P DIP20 146 
2G On Semi DB TS SSOP16 338 OM On Semi GU-16 XQFN16 1161 
AMX On Semi GM Х5ОМ6 886 B On Semi P DIP14 27 
CMX On Semi GF XSON6 891 Р Оп Semi М % DIP16 38 
CMX On Semi GF XSON8 1089 P On Semi N Р DIP24 101 
CPG On Semi N P DIP14 27 P On Semi N P DIP24 101 
D On Semi D SO8 96 P On Semi N DIP28 117 
D On Semi D T S014 108 P On Semi N P DIP20 146 
D On Semi D S028 136 QZ On Semi DK SSOP24 556 
D On Semi D T 5024 137 QZ On Semi DS SSOP16 519 
D On Semi D T SOUS 162 QZ On Semi DS SSOP20 724 
D On Semi D T SO16 162 SQL On Semi GW SC70 353 
D On Semi D T SO20 163 SQL On Semi GW SC88 363 
D On Semi PW TSSOP8 530 US On Semi DC VSSOP8 765 
DF On Semi GW SC88 363 USGH On Semi DC VSSOP8 765 
DFT On Semi GW SC70 859 СМ Renesas GW 5С70 355 
DG On Semi D T 5014 108 СМ Вепе5а5 GW SC88 363 
DR2G On Semi D SO20 163 Р Renesas N DIP14 27 
ОТ On Semi DGG TSSOP48 362 Р Renesas N DIP16 38 
ОТ Оп 5ет! PW TSSOP24 355 Р Renesas N DIP24 101 
ОТ Оп 5ет! PW TT TSSOP14 402 Р Renesas N DIP24 101 
DT On Semi PW TT TSSOP16 403 P Renesas N DIP28 117 
DT On Semi PW TSSOP8 530 P Renesas N CDIP28 135 
DT On Semi PW TSSOP10 552 P Renesas N P DIP20 146 
DT On Semi PW TT TSSOP20 360 RP Renesas D 508 96 
ОТТ On Semi GV SO 753 ВР Вепе5а5 р Т 5014 108 
DW On Semi D T 5016 162 RP Renesas D SO28 136 
DWR2G On Semi D SO20 163 RP Renesas D Т 5024 137 
ЕР On Semi GM XQFN10U 1049 RP Renesas D T SO16 162 
MN On Semi BQ DHVQFN16 763 RP Renesas D T 5016 162 
ММ On Semi BQ DHVQFN20 764 ВР Renesas D T SO20 163 
NG On Semi N DIP14 27 T Renesas DGG TSSOP48 362 
NG On Semi N DIP16 38 T Renesas DGG TSSOP56 364 
NG On Semi N DIP24 101 T Renesas DGG TSSOP64 646 
NG On Semi N DIP24 101 T Renesas DP TSSOP8 505 
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Competitor 
Suffix 





Competitor 


Renesas 
Renesas 
Renesas 
Renesas 
Renesas 
Renesas 
Renesas 
ST Micro 
ST Micro 
ST Micro 
ST Micro 
ST Micro 
ST Micro 
ST Micro 
ST Micro 
ST Micro 
ST Micro 
ST Micro 
ST Micro 
ST Micro 
ST Micro 
ST Micro 
ST Micro 
ST Micro 
ST Micro 
ST Micro 
ST Micro 
ST Micro 
ST Micro 
ST Micro 
ST Micro 
ST Micro 
ST Micro 
ST Micro 
ST Micro 
ST Micro 
TI 


Nexperia 
Standard 
Suffix 


EN с) ВЕШ U Bee О Bee Ср) Bee CO С 


© 
с 

a 

су < 


PW 
PW 


Мехрегіа 
НЕЕ Suffix 


ТТ 
ТТ 
ТТ 


ый ДЕИ v ВЕН o B v 


ZU - E — E — EJ - E - ЕИ - 


TT 
TT 
TT 


Nexperia 
Package Competitor Standard Nexperia Package 
КЕШІ Suffix Competitor Suffix HEF Suffix МЕТ 
TSSOP24 355 D TI D T SO14 
TSSOP20 360 D TI D Т 5016 
Т55ОР14 402 ОА ТІ ОК TSSOP32 
TSSOP16 403 DAE TI DR TSSOP32 
TSSOP8 530 DB TI DB SSOP14 
TSSOP10 550 ОВ Т! ОВ Т5 SSOP16 
VSSOP8 765 DB Т! ОВ 55ОР20 
DIP14 27 ОВ Т! ОВ 55ОР24 
DIP16 38 DB TI DB SSOP28 
DIP20 146 DBQ TI DS SSOP16 
DIP14 27 DBV ТІ GV SO5 
DIP16 38 DCK TI GW SC70 
S014 108 DCK TI GW SC88 
SO24 137 рст Т! ОР TSSOP8 
SO16 162 DCU TI DC VSSOP8 
SO20 163 DCU TI GD XSON8U 
SC70 353 DDC TI GV SO5 
XSON6 886 DDU TI DC VSSOP8 
TSSOP20 360 DGG TI DGG TSSOP48 
S014 108 DGG TI DGG TSSOP56 
5024 137 DGG TI DGG TSSOP64 
SO16 162 DGV TI DGV TSSOP48 
5020 163 DGV TI DGV TSSOP56 
5014 108 DL TI DL 55ОР48 
5024 137 DL TI DL SSOP56 
$016 162 DPW TI GX Х25ОМ5 
5020 163 DQE Т! СЕ XSON8 
SO14 108 DQE TI GS XSON8 
5024 137 DOM TI GM 
SO16 162 DRY TI GM XSON6 
SO20 163 DSF TI GS XSON6 
SOS 753 DW TI D S028 
TSSOP48 362 DW TI D T 5024 
TSSOP20 360 DW TI D T SO16 
TSSOP14 402 DW ТІ D T SO20 
TSSOP Is 403 Е ТІ М P DIP14 
SO8 96 E TI N P DIP16 


108 
162 
487 
487 
337 
338 
339 
340 
341 
519 
753 
353 
363 
505 
765 
996 
753 
765 
362 
364 
646 
480 
481 
370 
371 
1226 
1089 
1203 
1309 
886 
1202 
136 
137 
162 
163 
ТІ 
38 
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Мехрегїа Мехрегїа 
Competitor Standard Nexperia Package Competitor Standard Nexperia Package 
Suffix Competitor Suffix HEF Suffix КЕШІ Suffix Competitor Suffix HEF Suffix МЕТ 
Е ТІ М P DIP24 101 RUT TI GU-12 1174 
E TI N DIP28 117 TK TI TK HVSON10 650 
E ТІ М Р DIP20 146 TPA ТІ DGG TSSOP48 480 
Е ТІ М CDIP28 135 TPV ТІ DL SSOP56 371 
G ТІ DG TVSOP80 647 ҮЕВ Т! UK WLCSP4 n/a 
G Т! DGG TSSOP48 362 MEG TI UK WLCSP6 n/a 
GKE ТІ EG LFBGA96 536 YEG ТІ UK WLCSP12 n/a 
GKF TI EC LFBGA114 537 YZB TI UK WLCSP4 n/a 
GQL Tl EV VFBGA56 102 YAG ТІ UK WLCSP6 n/a 
J TI N CDIP28 135 YZG TI UK WLCSP12 n/a 
L8 TI GM XQFN8U 902 YZP TI GM Х5ОМ6 886 
M TI D 508 96 YZP TI GT XSON8 833 
M Tl D T 5014 108 YZT ТІ UK WLCSP12 n/a 
M TI D SO28 136 ZKE TI EG LFBGA96 536 
M TI D T 5024 137 “КЕ ТІ ЕС LFBGA114 537 
М ТІ D T SO16 162 zo T ЕМ VFBGA56 102 
M TI D T SO16 162 BF Toshiba D T SO14 108 
M TI D T SO20 163 BF Toshiba D T SO24 137 
М96 ТІ D SO16 162 ВЕ Toshiba D T SO16 162 
N TI N B DIP14 27 BF Toshiba D T SO20 163 
N TI N DIP16 38 BP Toshiba N % DIP14 Л 
М ТІ М DIP24 101 ВР Toshiba N P DIP16 38 
N TI N DIP24 101 F Toshiba GV SS 753 
М ТІ М DIP28 Ца БЕ Toshiba GW SC88 363 
М ТІ М DIP20 146 FK Toshiba DC VSSOP8 765 
NE ТІ М P DIP16 38 FN Toshiba D T SO14 108 
NT ТІ М DIP24 101 FN Toshiba D Т SO16 162 
PW TI PW TSSOP24 355 FS Toshiba DB SSOP24 340 
PW TI PW TT TSSOP20 360 FS Toshiba PW TSSOP24 355 
PW TI PW TT TSSOP14 402 FT Toshiba DB SSOP14 337 
PW TI PW ТТ TSSOP16 403 FT Toshiba DB TS 5500216 338 
PW TI PW TSSOP8 530 FT Toshiba DB SSOP20 339 
PW TI PW TSSOP10 552 FT Toshiba DGG TSSOP48 362 
RHL TI BQ DHVQFN24 815 FT Toshiba DGG TSSOP56 364 
RSE TI GM XQFN8U 902 FT Toshiba DL SSOP48 370 
RSV TI GU-16 XQFN16 1161 FT Toshiba DL SSOP56 371 
RSW TI GU UQFN 1160 FT Toshiba PW TT TSSOP20 360 
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Nexperia 
Competitor Standard 
Suffix Competitor Suffix 


Competitor | Nexperia 
Nexperia Package Logic Logic 
HEF Suffix КЕТ Competitor Family Family 





Comments 


Similarity 








ЕТ Toshiba PW TAE TSSOP14 402 Fairchild (ON Semi) C HEF near ex TACTA VCCES-IbV tpd=70- 
FT Toshiba PW ТІ TSSOP16 403 оошмо р 
ЕТС ТЕР HR HXQFN16U 1039 Fairchild (ON Semi) CD4K HEF exact 
FU ТОГЕ GW SC70 353 Fairchild (ON Semi) F F exact 
FU ШЕТ GW SC88 363 Fairchild (ON Semi) FSA LVC near family name for switches, same as 
NC7WB. 1.65-5.5 VCC 
FW Toshiba D 508 96 aes 
Fairchild (ON Semi) Е5Т СВТ exact 
FW Toshiba D SO28 136 S 
Fairchild (ON Semi) FXLH AUP exact 
FW Toshiba D T SO16 162 ES | 
Fairchild (ON Semi) FXLP AUP1T near 
Р Toshiba N DIP14 27 RE Р 
Fairchild (ON Semi) ЕС НС exact 
P Toshiba N P DIP16 38 RENS | 
Fairchild (ON Semi) HCT HCT exact 
P Toshiba N DIP24 101 
- Fairchild (ON Semi) LCX/H LVC near LVC is wider operating VCC, slightly 
i Toshiba N P DIP20 146 Faster Тра. Both are 24 тА drive 
Fairchild (ON Semi) LS ABT near АВТ is faster (1—4 vs 2—10 ns) , higher 
driver current (64/32 vs 24/15 mA 
қ қ А . Я à drive 
Competitor Logic Family to Nexperia Logic Family Cross Reference 
Fairchild (ON Semi) LVT/H LVT exact 
Competitor шере Fairchild (ON Semi) LVX LV near LVX is wider operating range, LV is 
А Logic 291916 XAR not 5V input tolerant 
Competitor Family Family | Similarity Comments 
Fairchild (ON Semi) NC7NZ LVC3G exact 
Diodes Inc AHC AHC exact ЕТЕ | E 
Fairchild (ON Semi) NC7S АНСТО пеаг "S" speed logic. Single gate, 
Diodes Inc AHCT AHCT exact 2.0-6.0V, 2 mA drive, 3.5 ns. АНС is 
Diodes Inc AUP AUP exact 8 MA, 5 nS, 2-6 МСС: not quite as fast 
Diodes Inc AVC AVC exact Fairchild (ON Semi) NC7SB LVC1G near Single channel switch process crosses 
; to ТУС switches. Same as Fairchild FSA 
Diodes Inc HC HC exact e S057 
2120155 т г ШО Е. Fairchild (ON Semi) NC7SP AUP1G exact Single gate version 
EE xd ad С Fairchild (ON Semi) NC7ST HC1G near Single gate. “compatible with HC but 
Diodes Inc LVC LVC exact half drive current” per Fairchild site 
Diodes Inc LVT LVT exact Fairchild (ON Semi) NC7SV AUP1G near Single gate. 1-12 nS, 24 тА drive. 
Fairchild (ON Semi) ABT ABT exact Similar to AUP but more drive 
UE | я | current. FSC calls SP a "cross" for SV. 
Fairchild (ON Semi) AC AHC near AHC is only 8mA vs 24 mA drive AUP is slightly better VCC 
current, but lower noise. No clamp E 
diode іп АНС makes it 5 V tolerant. AC Fairchild (ON Semi) NC7SZ LVC1G exact Single gate. Both families are 
is ПОЕ. АНС has wider temp range 1.65-5.5V VCC with 24 mA drive. 
Fairchild (ON Semi) АСТ АНСТ пеаг АНСТ is only 8mA vs 24 mA drive Fairchild (ON Semi) NC7WB LVC2G near Switch process crosses to LVC 
current, but lower noise. No clamp switches. Same as Fairchild FSA Family 
diode in АНСТ makes it 5 V tolerant, Fairchild (ON Semi) NC7WP AUP2G near Dual gate devices. AUP is slightly 
AC is not. AHCT has wider temp range better VCC range, higher drive 
Fairchild (ON Semi) ALS ABT near ABT is similar speed and VCC range current (4 mA vs 2.6), same speeds. 
but only half the drive current of ALS 0.9-3.6 V, 2-27 nS, 2.6 тА drive 
Fairchild (ON Semi) AS ABT near Similar speed, similar drive currents Fairchild (ON Semi) NC/WT HC2G exact Dual gate variant 
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Competitor 


Fairchild (ON Semi) 


Fairchild (ON Semi) 


Fairchild (ON Semi) 
Fairchild (ON Semi) 


IDT 
IDT 
IDT 
IDT 
IDT 
IDT 
IDT 


IDT 


On Semi 


On Semi 


On Semi 


On Semi 
On Semi 
On Semi 


On Semi 


On Semi 


On Semi 
ON Semi 


ON Semi 


On Semi 


Competitor 


Logic 
Family 


NC7WV 


NC7WZ 


VCX/H 
VHC/T 


ALVC 
ALVC/H 
CBTLV 
FCT (3V) 
FCT (5V) 
LVC 
QS3VH 


VH 
14ххх 


АС 


АСТ 


CBTL 
HC 
HCT 
LCX 


LVX 


NL17SG 
NL17SH 


NL17SHT 
NL17SV 


Nexperia 


Logic 
Family 


AUP2G 


LVC2G 


ALVCH 
AHC/T 


ALVC 
ALVC/H 
CBTLV 
LVT 
ABT 
LVC 
LVC 


LVC 
HEF 


AHC 


AHCT 


CBTL 
HC 
HCT 
LVC 


LV 


AUP 
HC 


HCT 
AUP 


Similarity 


пеаг 


пеаг 


exact 


near 


exact 
exact 
exact 
exact 
exact 
exact 


near 


near 


exact 


near 


near 


exact 
exact 
exact 


near 


near 


near 


exact 


exact 


exact 


Comments 





Dual gate. AUP is slightly better VCC. 
WV Family has Schmitt trigger inputs. 
Mostly dual gates 


Dual gate. Both Families are 
1.65-5.5V VCC with 24 mA drive. WZ 
Family has Schmitt trigger inputs. 
Dual gate devices 


Traditionally crosses to HC. AHC is 
Slightly less power. Note that 
Nexperia does make a limited number 
of VHC devices also 


QS3VH is a fast bus process similar to 
Nexperia LVC 


VH =2.3—3.6\/СС, V=1.2-3. 6VCG 5V 
tolerant 


No differences but name 


5 nS ЕРО, 24 mA output. AHC will work 
For all but high power drive 
applications 


АНСТ is only 8 mA vs 24 mA drive 
current, but lower noise. No clamp 
diode in AHCT makes it 5 V tolerant, 
AC is not. AHCT has wider temp range 


Bus switch process 


LVC is wider operating VCC, slightly 
Faster Тра. Both are 24mA drive 


LV is wider operating range, LV is not 
5V input tolerant 


0.9-3.6V, 4.6V tolerant pins 


tpd 2 3nS$, 2-5V VCC, single gate. 
Example NL17SH00 


Competitor 


On Semi 
On Semi 
On Semi 
On Semi 
On Semi 


On Semi 


On Semi 


ON Semi 
On Semi 
On Semi 


On Semi 


On Semi 


Pericom 


Renesas 


Renesas 


Renesas 
Renesas 
Renesas 
Renesas 
Renesas 


Renesas 


Renesas 


Renesas 


Competitor 


Logic 
Family 


NL17SZ 
NL27WZ 
NL37WZ 

NL7SZ 

NL7WB 

NLSX 


NLU 


NLV 
NLX 
VCX 
VHC 


VHCT 


STX 
AC 


ACT 


ALVC 
BC 
CBT 
HC 
HCT 
LD 


LS 


LV 


Nexperia 


Logic 
Family 


LVC 
LVC 
LVC3G 
LVC 
LVC 
NTS 


AHCT 


HEF 
LVC 
ALVCH 
AHC 


AHCT 


AHC1G 
AHC 


AHCT 


ALVC 
ABT 
CBT 
HC 
HCT 
HEF 


ABT 


LV 


Similarity 


exact 
exact 
exact 
exact 
exact 


exact 


near 


near 
exact 
exact 


near 


near 


exact 


near 


near 


exact 
exact 
exact 
exact 
exact 


near 


near 


exact 


Comments 





Ex: Triple buffer 


Dual voltage bidirectional level 
translators 


5.5V VCC, TTl outputs, 8 mA drive, 
3.8ns prop delay, overvolt tolerant 
inputs 

HEF with Q100 grade 


For 7/4LVC2G14, etc 


Traditionally crosses to HC. AHC is 
slightly less power. Note that 
Nexperia does make a limited number 
of VHC devices also 


Traditionally crosses to HC. AHC is 
slightly less power. Note that 
Nexperia does make a limited number 
of VHC devices also 


ех Р1745ТХ1С08 


5 nS ЕРО, 24гпА output. АНС will work 
For all but high power drive 
applications 


5 nS ЕРО, 24 mA output. АНС will work 
For all but high power drive 
applications 


per Renesas website 
5 nS ЕРО, 15/64 mA output 


For LED drive, up to 30V, 200mA 
drive. Similar to HEF but note that 
some are even higher voltage. 


ABT is Faster(1—4 vs 2-10 ns) , higher 
driver current (64/32 vs 24/15 mA 
drive) 


For 1 and 2 gate devices only (per 
Renesas website) 
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Competitor 


Renesas 


Renesas 
ST Micro 


ST Micro 


ST Micro 
ST Micro 
ST Micro 
ST Micro 
ST Micro 
ST Micro 


ST Micro 
ST Micro 


ST Micro 


ST Micro 
ST Micro 
ST Micro 
TI 
TI 
TI 
TI 


ТІ 
ТІ 
ТІ 


ТІ 
ТІ 
ТІ 
ТІ 


Competitor 


Logic 


Family 


LV-A 


LVC-B 
AC 


ACT 


Nexperia 


Logic 


Family 
LV, AHC 


LVC 
AHC 


AHCT 


ALVC 
AUP 
HC 
HEF 
HCT 
LVC 


LVC 
LV 


LVC 


ALVCH 
AHC 
AHCT 
ABT 
AHC 
AHCT 
ABT 


ALVC 
ALVT 
AUP 


AUP 

ANC 

СВТ 
CBTLV 


Similarity 


near 


exact 


near 


near 


exact 
exact 
exact 
exact 
exact 


near 


exact 


near 


near 


exact 
exact 
exact 
exact 
exact 
exact 


near 


exact 
exact 


near 


exact 
exact 
exact 


exact 


Comments 


Renesas declares Nexperia LV and 
AHC are both crosses to LV-A 


From Renesas website 


5 nS ЕРО, 24 mA output. АНС will work 
For all but high power drive 
applications 


АНСТ is only 8 mA vs 24 mA drive 
current, but lower noise. No clamp 
diode in AHCT makes it 5V tolerant, 
AC is not. AHCT has wider temp range 


LVC is wider operating VCC, slightly 
Faster Тра. Both are 24 mA drive. 
"Speed of AC/ACT, less power" 


LV is wider operating range, LV is not 
5V input tolerant 

V=(VCC=2.5V, Тра =4.8 ns; 8 MA 
drive, overvolt tolerant), ІУС-(1.65- 
5.5 VCC, Tpd 2 3.7 ns, 24 mA drive, 
overvolt tolerant). 1G, 2G variety 


ABT is similar speed and VCC range 
but only half the drive current of ALS 


AUP is similar to AUC. A bit slower, a 
bit less power. 


Competitor 


ТІ 
TI 
ТІ 
ТІ 
ТІ 
ТІ 
ТІ 
TI 
Toshiba 


Toshiba 


Toshiba 
Toshiba 
Toshiba 


Toshiba 


Toshiba 
Toshiba 
Toshiba 


Toshiba 


Toshiba 


Toshiba 


Toshiba 


Toshiba 


Toshiba 


Toshiba 


Competitor 


Logic 
Family 


ACT 


HC 
HCT 
LCX 


LVX 


ТСА 
ТС4ххх 
ТСТМА 


ТС7МЕТ 


ТС7МН 


ТС7М7 


TC7PA 


TC7PG 


ТС7РН 


ТС7РН 


Nexperia 


Logic 


Family 


AHCT 


HC 
HCT 
LVC 


LV 


HEF 
HEF 
ALVCH 


AHCT 


AHC 


LVC 


LVC 


AUP 


AHC 


AHC 


Similarity 


exact 
exact 
exact 
exact 
exact 
exact 
exact 
exact 


пеаг 


пеаг 


exact 
exact 


near 


near 


exact 
exact 


near 


near 


exact 


near 


exact 


near 


near 


near 


Comments 





No differences but name 


5 nS ЕРО, 24 mA output. АНС will work 
For all but high power drive 
applications 

АНСТ is only 8 mA vs 24 mA drive 
current, but lower noise. No clamp 


diode іп АНСТ makes it 5 V tolerant, 
AC is not. AHCT has wider temp range 


LVC is wider operating VCC, slightly 
Faster Тра. Both аге 24 mA drive 


LV is wider operating range, LV is not 
5V input tolerant 


example TC4049 


Obsolete Family number. Has been 
replaced with newer Family name 


Obsolete Family number. Has been 
replaced with newer Family name 


Obsolete Family number. Has been 
replaced with newer Family name 


Obsolete Family number. Has been 
replaced with newer Family name 


Single and dual gate VCX parts. 
1.8-3.6 VCC 


0.9-3.6 VCC dual gate, 8 ma drive, 
2 nS. Closest to AUC Family: AUP has 
less drive current 


2-5.5VCC, 8 mA drive 5 п5. 5.3nS. 
Closest to AHC 


Obsolete Family number. Has been 
replaced with newer Family name 
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Competitor | Nexperia 
Logic Logic 
Competitor Family Family 


Toshiba 


Toshiba TC7SA 


Toshiba TC7SET 


Toshiba 


Toshiba 


Toshiba 


Toshiba 


Toshiba 


Toshiba 


Toshiba 


Toshiba 


Toshiba 


Toshiba VCX ALVCH 
Toshiba VHC AHC 
Toshiba VHCT АНСТ 


Similarity 


near 


exact 
exact 


exact 
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Comments 


2G Dual Gate devices in HC family. 
2-6 VCC, 2.6 mA drive, 5nS. Similar to 
AHC 


1.8-3.6 VCC, 24 mA. 2.8-7.4 nS "VCX 
equivalent" per Toshiba 


1 gate devices 4.5-5.5 МСС, 8 mA 
drive, 5 nS. Closest to АНСТ. НС is not 
quite Fast enough 


1 gate devices 0.9-3.6 VCC, 8mA 
drive, 2-5 nS. AUP has less drive 
current, LV has drive but not speed. 


1G Single gate version of VHC Family. 
2-5.5VCC, 8 mA drive, 4-5 nS 


1 gate devices of LCX Family. 
1.6-5.5 VCC, 32 mA drive, 2-3nS. 


2-6 МСС, 5 mA drive, dual gate, 
«10 ns. АНС. Single gate version of 
HCT logic 


LVP family 0.9-3.6 VCC, 8 mA drive, 
2-3 nS. LV is a bit slower, AUP not as 
much drive current. 1,2,3 С devices 


2 and 3 gate devices in VHCT Family. 
2-5.5VCC, 8 mA drive, 3-5nS. 1,2,3 
gates 


High speed TTL input 4.5—5.5 VCC, 
6mA drive, 15nS. 


Obsolete family number. Has been 
replaced with newer 


SHS series. "Matches LCX performan- 
ce". 32 mA drive, 3ns, 1.65—5.5. 1,2,3 
gate devices. LVC VCC is not quite as 
wide 
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ADC 


ШЕ 
АНСТ 


АМТ 


АМО 
ANSI 


ASIC 


AUP 
АУС 


АХР 


BBM 
BiCMOS 


CDM 
Cl 

CLER 
CMOS 


CP 
Cpd 


CS 
Cs(on) 


D-Flipflop 
DIR 
D-Latch 


Analog to Digital Convertor 
Micro Farad 

Advanced High-speed Cmos 
with Transistor-transistor 
logic voltages 

Advanced Low-Voltage 
BiCMOS Technology 

logical Function 

American National 
Standards Institute 
Application-Specific 
Integrated Circuits 
Advanced Ultralow Power 
Advanced Very-low-voltage 
CMOS 

Advanced eXtremely low 
voltage and Power 


Break Before Make 
Bipolar Complementary 
Metal Oxide Semiconductor 


Charged Device Model 
Load capacitance 
Clock 

Complementary Metal 
Oxide Semiconductor 
Clock Input 

Equivalent power 
dissipation capacitance 
Switch Capacitance 
On-state capacitance 


Data or Delay Flipflop 
Direction 
Delay Latch 


GND 


GPIO 


HBM 
АСТ 


Electrostatic Discharge 


Frequency 

Frequency with -3dB 
attenuation/loss 

Frequently Asked Questions 
Field Effect Transistor 

Input frequency 

First in First out 

Output frequency 
Field-Programmable Gate 
Array 


Supply ground reference 
level 

General - Purpose Input/ 
Output 


Human Body Model 
High-speed Cmos with 
Transistor - transistor logic 
voltages 


Input and Output 
Integrated Circuit 

Supply current 

quiescent current when the 
output is logic high 
quiescent current when the 
output is logic low 

Drain current 

International 
Electrotechnical 
Commission 

Institute of Electrical and 
Electronics Engineers 
Current in supply ground 
pin 

Input clamping current 
Input leakage current 
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loff 
lok 
Istat 


JEDEC 


LVC 


LVT 


MBB 
MCU 


MOSFET 


MR 


NAND 
nF 
NMOST 


NOR 


OE 
OR 
OVI 


РСВ 
PD 


pF 
PMOST 


Ptot 


OFF state current 
Output clamping current 
Static supply current 


Joint Electron Device 
Engineering Council 


Low Voltage 
Complementary metal oxide 
semiconductor 

Low-Voltage BICMOS 
Technology 


Make before break 

Micro Controller Unit 
(microcontroller) 

Metal Oxide Semiconductor 
Field-Effect Transistor 
Master Reset 


Not AND, logical Function 
Nano Farad 

N-channel Metal Oxide 
Semiconductor Transistor 
NOT OR, logical function 


Output Enable 
logical Function 
Over Voltage Tolerant 


Printed Circuit Board 
Power dissipation 

piko Farad 

P-channel Metal Oxide 
Semiconductor Transistor 
Total power dissipation 


Q100 


R&D 
Rcl 
RF 
Ron 


RPU 


Charge 

Automotive Electronics 
Council -Q100 qualification 
specification 


Research and Development 
Current Limiting Resistor 
Radio Frequency 
Resistance of a transitor in 
on-state 

Pull-up Resistor 


RS flip-FlopReset Set flip flop 


SOC 

PT 
SPOT 
SPOUT 
SPST 


System On Chip 

Single Pole Triple Throw 
Single pole 8 throw 
Single Pole Double Throw 
Single pole single throw 


Enable time 

Fall time 

Hold time 

Total Harmonic Distortion 
Junction temperature 
Propagation delay time 
Propagation delay time for 
logic high to low transition 
Propagation delay time for 
logic low to high transition 
Rise time 

Skew time 

Skew time for logic 

high to low transition 
Skew time for logic 

low to high transition 
Setup time 

Fall time For logic 

high to low transition 
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Transistor Transistor Logic 
Rise time for logic low to 
high transition 

Pulse width time 


United States 


Supply Voltage 

Negative Supply Voltage 
Gate Source Voltage 
Input voltage 

Input voltage for a logic 
high level signal 

Input voltage for a logic low 
level signal 

Output voltage 

Output high voltage 
Output low voltage 
Ground voltage 
Threshold Voltage 
Negative going threshold 
voltage 

Positive going threshold 
voltage 


Excusive- Not OR, logical 
Funtion 

Excusive-OR, logical funtion 
cross talk 


characteristic impedance 
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Slow input rise/fall time ........... 
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Definitions 


Draft — The document is a draft version only. The content is still under internal 
review and subject to formal approval, which may result in modifications or 
additions. Nexperia does not give any representations or warranties as to the 
accuracy or completeness of information included herein and shall have no liability 
For the consequences of use of such information. 


Disclaimers 


Limited warranty and liability — Information in this document is believed to be 
accurate and reliable. However, Nexperia does not give any representations or 
warranties, expressed or implied, as to the accuracy or completeness of such 
inFormation and shall have no liability for the consequences of use of such 
inFormation. Nexperia takes no responsibility For the content in this document if 
provided by an information source outside of Nexperia. 


In no event shall Nexperia be liable for any indirect, incidental, punitive, special or 
consequential damages (including — without limitation — lost profits, lost savings, 
business interruption, costs related to the removal or replacement of any products 
or rework charges) whether or not such damages are based on tort (including 
negligence), warranty, breach of contract or any other legal theory. 


Notwithstanding any damages that customer might incur for any reason 
whatsoever, Nexperia' aggregate and cumulative liability towards customer for the 
products described herein shall be limited in accordance with the Terms and 
conditions of commercial sale of Nexperia. 


Right to make changes — Nexperia reserves the right to make changes to 
inFormation published in this document, including without limitation specifications 
and product descriptions, at any time and without notice. This document 
supersedes and replaces all information supplied prior to the publication hereof. 


Suitability for use — Nexperia products are not designed, authorized or warranted 
to be suitable for use in life support, life-critical or safety-critical systems or 
equipment, nor in applications where failure or malfunction of an Nexperia product 
can reasonably be expected to result in personal injury, death or severe property or 
environmental damage. Nexperia and its suppliers accept no liability For inclusion 
and/or use of Nexperia products in such equipment or applications and therefore 
such inclusion and/or use is at the customer's own risk. 
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Applications — Applications that are described herein For any of these products are 
For illustrative purposes only. Nexperia makes no representation or warranty that 
such applications will be suitable for the specified use without Further testing or 
modification. 


Customers are responsible for the design and operation of their applications and 
products using Nexperia products, and Nexperia accepts no liability For any 
assistance with applications or customer product design. It is customer's sole 
responsibility to determine whether the Nexperia product is suitable and fit For the 
customer's applications and products planned, as well as for the planned 
application and use of customer's third party customer(s). Customers should 
provide appropriate design and operating safeguards to minimize the risks 
associated with their applications and products. 


Nexperia does not accept any liability related to any default, damage, costs or 
problem which is based on any weakness or default in the customer's applications 
or products, or the application or use by customer's third party customer(s). 
Customer is responsible for doing all necessary testing for the customer's 
applications and products using Nexperia products in order to avoid a default of 
the applications and the products or of the application or use by customer's third 
party customer(s). Nexperia does not accept any liability in this respect. 


Export control — This document as well as the item(s) described herein may be 
subject to export control regulations. Export might require a prior authorization 
from competent authorities. 


Translations — A non-English (translated) version of a document is for reference 
only. The English version shall prevail in case of any discrepancy between the 
translated and English versions. 


Trademarks 


Notice: All referenced brands, product names, service names and trademarks are 
the property of their respective owners. 
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пе репа 


For more information, 
please visit: 
www.nexperia.com 


For sales offices addresses, 

please check: 
www.nexperia.com/about/worldwide- 
locations/sales-offices.html 
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